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EDITORIAL 





ye oil industry is keenly conscious of its many operating problems, and is 
doing something about it. Evidence of this is the phenomenal growth in recent 
years of research groups within the industry. Down-to-earth problems en- 
countered in field and plant are now coming in for detailed study. Research 
programs for the most part are planned with a view to reducing costs, seeking 
new methods, and improving the efficiency of operations in general. In the 
drilling branch of the industry, improved mechanical equipment and methods 
are under constant development. To meet the challenge of deep drilling, revo- 
lutionary changes are foreseen. 


Keeping old wells on production as long as possible, ways to increase their 
economic life and leave as little oil as possible in the reservoir are tied in with 
developments in secondary recovery. The pace of progress in the last two years 
in secondary recovery practice has been encouraging. Old and new fields are 
being studied and efforts made to cut down the underground waste that might 
result from improper methods of developing a field. 


In the refining and gas processing industry new processes are constantly 
being developed to increase and improve yields and products. The more funda- 
mental operating phases of plant operation are not being overlooked. Problems 
of corrosion, plant performance, and water treating are coming in for an increas- 
ing share of study. Each is vital in maintaining and improving the efficiency of 
plant operation. 


The network of oil and gas pipelines has undergone vast expansion in recent 
years. Great progress has been made in the laying, equipping, and operating of 
pipelines. Evidence of this progress was the technical conference held in 
Atlanta, Georgia, recently, in which the technical phases of design, construc- 
tion, and operation came in for scrutiny and discussion. 


As might be expected, the literature reflects these increasing activities of the 
industry. This issue is devoted to papers of high reference value, specially 
selected for our readers. They are but a percentage of the valuable papers 
presented during the year before industry associations. They are, however, of 
current interest and a valuable aid in keeping abreast of developments in the 
industry. The bibliography published each month is a supplementary reading 
list of current additions to the literature, the most complete reference collection 


of its kind. 
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FLUOR 
FIN-FAN 
AIR-COOLED 


Heat Exchangers 


Natural Gas After-Cooler 
Manufactured Gas Cooler 
Natural Gas After-Cooler 
Natural Gas Inter-Cooler 


GAS COOLING 


Reflux Condenser 
Primary Condenser 
Still O.H. Condenser 
Debutanizer Condenser 
Still Reflux Condenser 
Steam Condenser 
Steam Condenser 


18,407,000 
4,652,000 
4,875,000 

11,930,000 

39,110,000 

87,300,000 
2,880,000 


VAPOR CONDENSING 


Vegetable Oil Cooler 
Absorption Oil Cooler 
Quenching Oil Cooler 
Amine Solution Cooler 
Stabilized Crude Cooler 
Jacket Water 

Jacket Water 


628,000 
14,915,000 
1,665,000 
19,300,000 
125,100,000 
2,400,000 
28,800,000 


6’ x 17’ 
32’ x 17’ 
23° x 25° 
38’ x 25’ 

315° x 25’ 
16’ x 12° 
70’ x 24’ 


LIQUID COOLING 











A new 8-page bulletin on 
Fluor-GR Fin-Fan Heat Ex- 
changers is now being prepared. 


Why Fluor-GR Fin-Fans Lead The Field 


Write in and reserve your copy by 
post card or letter. 


FLUOR 


The Fin-Fan Air-Cooled Heat Ex- 
changer is unique in its development 
and manufacture. It is the result of the 
engineering skill of two companies, 
each long recognized as leaders in their 
respective fields. It combines Fluor's 
experience in the design, fabrication 
and field erection of air-moving sys- 


tems with Griscom-Russell’s experi- 
ence in heat transfer. 


Success is evident in repeat orders. 
Since 1941, hundreds of Fluor-GR Air- 
Cooled Heat Exchangers have been in- 
stalled throughout the world... nearly 
50% have been repeat orders! 


BE SURE WITH FLUOR ENGINEERS e CONSTRUCTORS e MANUFACTURERS 


THE FLUOR CORPORATION, LTD., 2500S. Atlantic Blvd., Los Angeles 22, Calif., Offices in principal cities in the United States 
REPRESENTED IN THE STERLING AREAS BY: Head Wrightson Processes Ltd., Teesdale House, Baltic Street, London, E.C.I., England 
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1942 


579 
1,348 
3,207 
1520 

27 


1,120 


844 
391 


IJ 


J 
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Non 


2,252 
23 
323 
1,059 
339 
754 
266 
945 
924 
1,378 
1,525 
681 
618 
1,510 
1,380 
870 
1,798 
521 
316 
252 
92 
3,314 
197 
1,258 
1,052 
275 
850 
1445 
1,996 
1,168 
883 


1,502 
1,828 

304 
2,296 


2,507 
669 
4,408 
3,747 
184 
618 
235 
720 
139 
1,013 
261 
891 
1,798 
2,249 
875 
951 
607 
2,098 
599 
611 
1,347 
176 


DATA ON IMPORTANT OIL FIELDS OF THE UNITED STATES 






































Annual production (thousands of barrels) Cumulative | Estimated Number wells producing 
o production recovery ||_ 
thru 1947 per acre 
1943 | 1944 1945 1946 1947 (M bbl) (bbl) Total | Flowing| Pumping 
LOUISIANA( Cont.) 
668 580 494 456 576 13,405 1,604 — — ~ 
978 838 722 614 629 5,546 1,684 — — 
3,461 3,373 3,107 2,721 2,721 19,605 2852 <a _ : 
3,742 3.275 2/857 2'433 2'222 24.321 2}893 - oe _ 
21 18 15 14 ig 1,734 3,434 23 0 23 
3,474 2,995 2,516 1,991 1,717 89,968 6,141 _ a 
614 445 370 384 456 5,583 1,554 = a 
454 355 288 259 219 3,063 2,709 11 3 8 
738 685 628 606 640 30,045 11,762 — — _— 
184 142 123 150 84 16,898 2,756 21 0 21 
South 
2,248 2,661 2,483 2,447 2,425 17,248 23,161 = — 
180 583 931 1,234 1,595 4546 12,296 _ _ ‘ 
213 185 207 202 167 4,090 5,231 11 3 8 
1,127 1,142 1,367 1,503 1,340 9,009 25,563 = — - 
343 348 436 661 735 3,548 17,581 4 4 0 
794 676 693 673 619 5,101 7,003 31 27 4 
169 130 128 113 186 4,605 18,413 12 9 4 
1,912 3,112 2,903 3,487 4,444 16,937 4,880 me ~ a 
1,100 1,017 693 683 916 14,049 17,511 26 18 8 
1,095 1,046 1,002 1,073 945 28,492 17,217 _ om 
1,834 1,934 1,918 2,060 2,674 43,740 45,629 a aa — 
637 479 392 331 265 11,247 31,377 21 6 15 
937 940 753 678 594 5,875 9,430 25 25 0 
1,498 1,248 1,042 764 700 9,623 4374 20 19 1 
1117 1,043 1,049 1,199 1,555 15,770 14,963 ia we me 
824 751 431 248 298 6,218 9,250 19 2 17 
1,740 1,624 1,649 1,525 1,518 14,644 15,087 ee ses : 
447 466 423 262 174 7,262 40,503 6 2 4 
1,019 2,229 3,275 4,609 5,585 17,211 3,633 i — - 
441 391 481 1,547 690 6,253 22,252 15 10 5 
57 35 72 116 119 9,297 76,483 11 6 5 
3,133 3,161 2,465 1,702 1,339 23,713 10,654 pi “—< 
228 4.184 6,549 6,626 6,551 24.399 8,113 - st = 
1,356 1,256 1,140 1,167 1,285 12,188 19,128 -= = — 
1,700 2'106 1,909 1,315 903 14:198 17,966 - es . 
841 1,433 1,470 1,270 1,150 6,464 9,489 - “af _ 
490 305 218 186 171 23,422 19,376 il 5 6 
3,559 2,796 2,504 2,399 2,684 28,086 14112 149 45 104 
2511 2704 3,011 3,094 3.411 20,526 12,678 56 56 0 
954 845 734 670 648 8,226 12,630 20 20 0 
1,248 1,681 1,672 1,677 1,552 10,468 18,575 ea wah 
1,826 1,765 1,642 1,669 1,695 38,478 22,989 ‘ i 
1,957 2,342 2,157 2,140 2,340 20,705 21,863 - — 
455 402 435 419 678 4,155 5,795 10 10 0 
2,610 2,613 2,156 1,743 1,524 37,622 120,327 ai me 
2,929 3,307 2,726 2,515 2,434 62,657 57,907 sean - . 
617 475 360 270 321 12,384 31,745 17 10 7 
3,437 2,871 2,434 2,034 1,820 98,299 120/599 om me . 
4.685 4.448 4186 4781 4'356 53,463 16,369 ~ - _ 
161 158 143 176 133 18,439 36,612 16 1 15 
826 127 680 511 562 5,750 5,188 9 z 2 
401 641 918 1,297 1,433 8,338 18,171 hr ee - 
990 1,567 1,611 1,637 1,602 8,784 7,182 — — - 
146 150 176 174 190 4040 19,250 7 7 0 
1,254 1,427 1,564 1,401 1,559 31,348 24,824 — -_— — 
257 243 279 319 292 17,173 23,446 20 9 11 
1,344 2,345 2,296 1,725 1,173 10,939 2511 so eas - 
1.705 1,624 1,646 1,525 1521 14,647 15,087 42 36 6 
4.172 4014 3,652 3,845 3,737 22/922 3,837 ate cass — 
1,424 1,952 1,943 1,715 1,549 9,711 5,441 53 40 13 
1/231 1/219 1,040 1,102 1'370 16,763 24241 wa ms - 
695 595 472 454 428 4,302 13,836 17 9 8 
2,556 2,860 2,963 3,209 3,386 22,124 9,096 — — 
rica! 730 598 563 532 5,569 8,995 13 12 I 
602 766 837 833 790 13/581 9,405 ie = 
1,733 1,954 1,915 1,741 1,688 10,914 7,208 — — = 
196 198 148 188 95 4304 | = 16,188 21 1 20 
(Continued) 




















From The Petroleum Data Book, Second Edition, which carries 750 pages of information on the petroleum industry. 
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. | discovered 
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1936 TasbOR......4...... 
1941 Little Creek 

1940 LC 
1940 er enre 


1927 Pleasant Hill........ 
1935 Rodessa....... 


1933 | Sligo 


1937 Sugar Creek 
1925 Urania-Tullos- 

Georgetown........ 
1928 Zwolle............. 


1938 Bancroft 


1938 Chalkley 


1936 Charenton 
1935 Cheneyville 
1937 Crowley, North 
1932 CO 
1940 Delta Farms 
1929 Dog Lake 


1912 Edgerly............ 
1939 ere ee 
1940 SS ee ee 
1935 Garden Island Bay. . 


1937 SS eee 
194] Gibson, N. E 
1934 Gillis English Bayou. 
1938 Golden Meadows... . 
1938 Grand Bay 
1939 Grand Lake 


1932 Gueydan 
1927 Hack 


1928 Hackberry, West. . . 
1937 Horseshoe Bayou. .. 
1917 re ae 


1931 TIowa.. 


1935 Jeanerette... 
1901 Jennings. . 


1935 Lafitte . 


1929 Lake Sarre 
1937 Lake Long.......... 
1929 Lake Pelto 
1940 Lake Salvador 
1931 Lake Washington. ... 


1931 BROVINC . o..0 sic bse as 

1924 Lockport 

1940 a 

1937 North Crowley...... 

1939 PATAGIS. 24... 5.050 
1912, 41 


1937 


1938 Raceland 
1934 Roanoke 


1941 St. Gabriel.......... 
1927 re 





Field 


Lincoln, Claiborne 


Winn, La Salle, Grant.... 


South 
1902 Anse La Butte 


1942 Avery Island........} Iberia................. 1) 


1939 Barataria. . oy Javed 
1937 Bateman Lake 

1929 Bayou Blue......... 
1931 Bayou Choctaw. 

1941 Bayou Sale 
1929 Black Bayou........ 
1934 NE cas bes. wid 
1930 Caillou Island 
1931 Cameron Meadows. . 
1938 Chacahoula 


Iberville................ 


St. Landry, Acadia.. |__| 3 


Plaquemines ............ 


Plaquemines............ 


berry, E 


Pine Prairie......... 
1929 Port Barre 
cos 
1937 Quarantine Bay 


Jefferson Davis.......... 
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Producing formation 


~ LOUISIANA (Cont.) . 
Sligo, Hosston, Smackover, 


Cotton Valley SPCR ae 


Wilcox 


Wilcox, Eoc.... 


Mio 


Mio . - pays in Mio)...... 
eres 
BOB pcg sas ocsnaynssvnase 
eT ee 
re 
Cocktield re 
Mio = | Serre res 
NE errr 
Ey rer 
8 ar 
Cockfield, Sparta, Wilcox.... 
_ SS ee 
(11 pays in Mio)............ 
(9 pays in Mio)............. 
ACRE 
Bite U, Mio b............25 
| eee ree 
(8 pays in Mio)............. 
9 Mes SEER DES +See Sea 
Mio U, Mio L, Olig.......... 


(300 ft sand OS eee 
Cockfield, Sparta, Wilcox..... 
Mio U, Mio I os. 06:8) ale 


Wilcox, Cockfield; Eoc....... 
, _ ___ SAISON oA cE ee neitneeper 
| EE Re ree 
Rodessa Li, Young, Hill, Loyd, 
Glees, Mitchell............. 
Nacatoch, Ozan, Tokio, Pa- 
luxy, Morningsport, Rodessa, 
HO, HORSION. «6.2. 020s 
Rodessa, Sligo, Hosston...... 


Annona..............00000. 





Produc- 
tive acres 


8,000 
2920 
5,920 
7,640 

500 


14,370 
3,300 
1,050 


2,500 
6,100 








*Includes Blue Lake. 


From The Petroleum Data Book, Second Edition, which carries 750 pages of information on the petroleum industry. 
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UNITED STATES OIL WELLS DRILLED, ABANDONED, AND PRODUCING AT END OF YEAR 



































Oil wells shut in or 

Producing oil wells Oil wells drilled, Oil wells shut in or abandoned, Total producing 0)! 
Year drilled cumulative abandoned cumulative wells on December :); 
1900 13,671 140,907 4,599 62,162 78,745 * 
1901 11,811 152,718 5,445 67,607 85,111* 
1902 13,019 165,737 5,759 73,366 92,371* 
1903 15,177 180,914 6,366 79,732 101,182* 
1904 16,008 196,922 6,262 85,994 110,928* 
1905 12,601 209,523 7,586 93,580 115,943* 
1906 14,550 224,073 7,903 101,483 122,590* 
1907 15,534 239,607 5,084 106,567 133,040* 
1908 13,215 252,822 4,802 111,369 141,453* 
1909 13,906 266,728 8,623 119,992 146,736* 
1910 11,025 277,753 9,142 129,134 148,619* 
1911 9,828 287,581 7,654 136,788 150,793* 
1912 12,518 300,099 8,265 145,053 155,046* 
1913 19,099 319,198 3,371 148,424 170,774* 
1914 16,669 335,867 7,266 155,690 180,177* 
1915 9,155 345,022 8,015 163,705 181,317* 
1916 18,844 363,866 8,053 171,758 192,108* 
1917 16,636 380,502 9,425 181,183 199,319* 
1918 17,860 398,362 9,364 190,547 207,815* 
1919 21,041 419,403 772 191,319 228,084 * 
1920 24,273 443,676 —15,890 175,429 268,247 
921 14,666 458,342 8,413 183,842 274,500 
1922 17,333 475,675 6,953 190,795 284,880 
1923 16,206 491,881 10,986 201,781 290,100 
1924 14,587 506,468 5,587 207,368 299,100 
1925 16,559 523,027 9,559 216,927 306,100 
1926 19,013 542,040 6,513 223,440 318,600 
1927 14,442 556,482 9,742 233,182 323,300 
1928 12,526 569,008 8,026 241,208 327,800 
1929 15,572 584,580 15,172 256,380 328,200 
1930 11,640 596,220 8,770 265,150 331,070 
1931 6,788 603,008 22,008 287,158 315,850 
1932 10,444 613,452 4,794 291,952 321,500 
1933 8,068 621,520 2,718 294,670 326,850 
1934 12,512 634,032 6,292 300,962 333,070 
1935 15,108 649,140 7,188 308, 150 340,990 
1936 17,800 666,940 9,340 317.490 349,450 
1937 22,143 689,083 8,563 326,053 363,030 
1938 19,121 708,204 12,511 338,564 369,640 
1939 17,485 725,689 6,735 345,299 380,390 
1940 19,125 744,814 10,505 355,804 389,010 
1941 19,195 764,009 8,245 364,049 399,960 
1942 10,524 774,533 5,644 369,693 404,840 
1943 9,717 784,250 7,387 377,080 407,170 
1944 13,029 797,279 7,979 385,059 412,220 
1945 14,297 811,576 10,767 395,826 415,750 
1946+ 15,810 827,386 10,100 405,926 421,460 
1947+ 18,037 $45,423 10,161 416,087 429,336 





























*W. P. A. National Research Project E-10-1939. 
+The Petroleum Data Book Research Department. 
Source: U. S. Bureau of Mines; Independent Petroleum Association of America. 
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From The Petroleum Data Book, Second Edition, which carries 750 pages of information on the petroleum industry. 
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The HISTORIAN Looks at OIL * 





The Age of the Muckraker has passed but the public has been 


left with the sensational accounts of early outlawry in lieu 


of a real objective picture of the oil industry—the onus of 


watered stock, monopoly, and oil “‘scandals’’ are remembered 


and written about while the valuable contributions of the 


industry are scarcely mentioned in the history of our times 


T ue era of the late 1890’s and the 
early 1900’s was characterized by the 
rise of monopolies, giant corpora- 
tions, and trusts. In the six years from 
1898 to 1904, indeed, 236 American 
industrial trusts were organized with 
an aggregate capitalization of six bil- 
lion dollars, with approximately half 
that amount in watered stock. And 
these enterprises were often led by 
“malefactors of great wealth” or “rob- 
ber barons,” as their critics called 
them, who had cut their industrial 
teeth on the hard rock of ruthless com- 
petition, upon which the barks of less 
fortunate operators had been wrecked. 


7Presented before Texas Mid-Continent Oil 
and Gas Association, 3lst annual meeting, Dal- 
las, Texas, October 5, 1950. 

*History department, University of Okla- 
oma, Norman, and author of “Oil, the Titan 
of the Southwest.” 
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CARL COKE RISTER* 


In business, they employed “catch-as- 
catch-can” ethics and cutthroat com- 
petition, and acknowledged no legal 
restraint. Consequently, they were the 
bane of honest business or industrial 
organizations and the enemies of in- 
dependent enterprises. 

The courts of our land charged 
with enforcing the Interstate Com- 
merce Act (1887) and the Sherman 
Anti-Trust Act (1890) could hardly 
cope with these industrial outlaws and 
their organizations, for ordinarily, 
corporation lawyers were the best in 
the land. They were skilled at cir- 
cumventing the law by legal dodges 
and delays and were often far better 
trained and experienced in corpora- 
tion law than poorly paid federal at- 
torneys. During the administration 
of President Benjamin Harrison only 





five prosecutions were begun under 
the Sherman law, and of these 4 
failed; and while Cleveland was presi- 
dent 18 cases were prosecuted under 
the Sherman Act, 7 of which involved 
combinations of labor. Of the 11 
other cases against corporations, only 
one was successfully prosecuted. Such 
a record must have hastened the for- 
mation of other powerful concerns, 
for in the decade following the pas- 
sage of the Sherman Act more than 
100 industrial combinations were 
formed, with a combined capital of 
more than $3,000,000,000. 

This was also an era when private, 
industrial, and public morals sadly 
needed strengthening. The life-sav- 
ings of thousands of people were 
squandered by the watering of corpo- 
ration stock: western farmers often 
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suffered because of arbitrary, exces- 
sive freight rates; small business en- 
terprises were ruthlessly snuffed out 
by avaricious trusts; the prices of 
both raw materials and finished prod- 
ucts rose or fell at the command of 
monopolists; and an American econ- 
omy favoring the survival of the 
fittest at the expense of the many was 
in the making. 


The Muckrakers 


But industrial outlaws had not 
reckoned with public opinion, which 
was rapidly crystallizing against them, 
of which the sensational rise of the 
Farmers Alliance and the Populist 
movement, and the growth of the 
Labor Party and Bryanism were symp- 
tomatic. Keen-witted journalists and 
literati saw the rise of this general 
anti-monopolist movement, however, 
and made capital of it, for coming 
from their pens were such devestating 
exposes as Lincoln Steffens’ Shame of 
the Cities, Thomas W. Lawson’s 
Frenzied Finance, Upton Sinclair’s 
The Jungle, and Ida M. Tarbell’s His- 
tory of the Standard Oil Company. 
And muckraking editors of McClure’s, 
Cosmopolitan, and Munsey’s and 
other magazines lent their columns to 
sensational stories about foul stock- 
yards, packing-plants, food manufac- 
turers, unsightly factories, corrupt po- 
litical deals, stock-gambling, and the 
mismanagement of finance. 

Thus, this era also had its indus- 
trial reformers, or the “muckrakers” 
as Theodore Roosevelt called them. 
Yet Roosevelt was the first politician 
to seize upon and make capital of 
their exposes by noisily declaring war 
on dishonest trusts. By so doing he 
shocked the American spirit out of its 
complacency and inadvertently 
launched a movement of judicial, ad- 
ministrative and legislative reform 
that by the time of Woodrow Wilson’s 
administration had met with consid- 
erable success. 

Of all these muckraking writers, 
perhaps the name of Ida M. Tarbell 
is best known to oilmen. Earlier, Miss 
Tarbell’s family had lived in Oil 
Creek, Pennsylvania, and had sought 
to maintain its Puritan standards dur- 
ing the periods of riotous lawless- 
ness in that oil country. Then, when 
opportunity beckoned, the family 
moved to Titusville, where the family 
fortunes were severely affected, or so 
they thought, by the rise of the Stand- 
ard Oil Company. Although Miss 
Tarbell later denied that her father’s 
misfortune had in any way imbittered 
her against Rockefeller and his trust, 
it evidently did so, for her History of 
the Standard Oil Company is conspic- 
uously subjective. 

Miss Tarbell spent 4 years in study- 
ing numerous records before she 
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wrote her book. She examined dozens 
of reports of suits in which the Stand- 
ard Oil Company had been involved, 
newspaper files, congressional hear- 
ings, and a wide variety of other ma- 
terials. Then she wrote her compli- 
cated story of the rise, practices, and 
success of the Standard Oil Company 
under the guiding genius of John D. 
Rockefeller. 

And unintentionally perhaps, Miss 
Tarbell also included in her narrative 
a brief history of the American oil 
industry during a period when oil 
wells were but little deeper than water 
wells, when storage and transporta- 
tion facilities were primitive, when 
the demand for crude oil was nar- 
rowly limited to lamp, lubrication, 
and medicinal uses, and when refin- 
eries were little more than skimming 
vats. ; 

This period of oil history was tran- 
sitional. In 1854 George H. Bissell, a 
graduate of Dartmouth College, had 
acquired western Pennsylvania leases 
and had sought to create ‘interest in 
petroleum by submitting a sample of 
that region’s crude oil to Benjamin 
Silliman, Professor of Chemistry at 
Yale College. Although “Seneca Oil,” 
“American Medical Oil” and_ other 
preparations were sold both in Amer- 
ica and Europe, the consumption of 
crude oil for medicine and other pur- 
poses was relatively small. Silliman’s 
analysis, however, revealed that oil 
made an excellent alluminant and con- 
tained such useful by-products as 
naphtha and paraffin. Silliman’s find- 
ings created a lively interest and led 
to the rapid development of the Penn- 
sylvania oil region. Wells were sunk, 
and the railroads began building into 
the oil country. Lamp oil presently 
supplanted whale oil and candles then 
used for lighting homes. In 1864 Sam- 
uel Van Syckel opened the first pipe 
line with relay filling stations, and by 
1872 the cumulative crude oil produc- 
tion had climbed to almost 40,000,000 
bbl. Present-day oilmen would regard 
this as a small output but it should 
be remembered that the oil industry 
was then in its infancy. 


The Rockefeller Story 


It was about this time, in Miss Tar- 
bell’s narrative, that John D. Rocke- 
feller appeared in the oil country. 
Another writer, C. C. Regier’ says of 
him: “He was quiet, thoughtful, in- 
dustrious, taciturn, and not unduly 
troubled by ethical considerations. Al- 
ready aiming at a monopoly, he saw 
that the first step was to secure con- 
trol in Cleveland. To do this it was 
necessary to get secret rebates from 
the railroads, a task which was sim- 
plified by the fact that the railroads 
were weary of the rate wars and were 
willing to accept any scheme that 


would stabilize freight rates, even 
though that scheme might be dishon- 
est and criminal. As a result, the 
South Improvement Company ie. 
ceived not only rebates for its own 
freight but also for the freight shipped 
by competitors. That is, if any inde- 
pendent concern paid 80 cents a bar- 
rel for shipping its oil, 40 cents of 
that amount went to the Rockefeller 
company. Moreover, the company had 
complete access to the books of the 
railroads, and could know the desti- 
nation of every barrel of oil sent out 
of Cleveland.” 

Miss Tarbell wrote much the same 
thing. She charged the Standard Oil 
Company with every form of unfair 
practice—of snuffing out small refin- 
ery enterprises by cut-throat competi- 
tion, of so dominating railroads cross- 
ing the oil country that they were 
forced to open their books to the in- 
spection of Standard Oil agents, of 
vicious underselling practices, and of 
controlling the markets of both re- 
fined and crude oil. She asserted, too, 
that if competing refiners for a time 
survived such ruthless competition. 
they at last were “frozen out” and 
the Standard Oil Company took over 
all the business. 

Throughout the nation the recep- 
tion of Miss Tarbell’s narrative was 
both favorable and unfavorable. For 
example, a reviewer of the Arena 
praised it as “a fearless unmasking of 
moral criminality masquerading un- 
der the robes of respectability and 
Christianity.” But in his book, The 
Raid on Prosperity (New York. 
1907), James Roscoe Day of Syracuse 
University disagreed. He defended the 
Standard Oil Company, claiming that 
it was a boon to the working man 
and a civilizing force in the nation. 
Rockefeller, too, in 1908 and 1909. 
offered a mild rebuttal by publishing 
in World’s Work his “Random 
Reminiscences,” maintaining that his 
company had been misunderstood and 
that it had promoted the prosperity 
of the oil country. He generously 
gave credit to his associates for its 
phenomenal success. 

Nevertheless, public opinion during 
the years to follow indicated a posi- 
tive acceptance of Miss Tarbell’s ex- 
posé and indeed applied it to other 
oil company executives, as surprising 
as that may seem. There was no defi- 
nitive history of the industry, for no 
historian of national repute had seen 
fit to enter this field of research. And 
for the study of American history in 
colleges and high schools of the na- 


_ tion, textbooks were used that either 


made no mention of the oil industry 
and its contribution to industrial life 
or they dismissed the subject as of 





1The Era of the Muckrakers (Chapel Hill, 
1932), 123-4. 
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little importance. Yet teachers listed 
the subject for collateral reading, but 
invariably gave as a reference Miss 
Tarbell’s History of the Standard Oil 
Company. In the decades to follow. 
therefore, this book was about the 
only one which related to the oil in- 
dustry that high school and college 
students read. It is not surprising, 
therefore, that they developed an ad- 
verse Opinion toward John D. Rocke- 
feller and the Standard Oil Company 
in particular and oil company execu- 
tives and the oil industry in general. 


Bad Publicity Continues 


American history textbook writers 
also helped to promote this false con- 
ception, although most of them had 
been rigorously trained in sound re- 
search methods and objective writing. 
Since they themselves had not delved 
into original records (and perhaps 
just here oil companies were in large 
part to blame, for they would not per- 
mit researchers the use of their rec- 
ords), and since Miss Tarbell’s book 
was the only source of information on 
oil generally known over the nation, 
they gleaned largely from her find- 
ings in mentioning the oil industry 
in their textbooks. 

In my opinion all these factors 
tended to create an unfriendly cli- 
mate for the modern oil industry. Is 
it not significant in congressional 
and legislative debate relating to the 
oil industry that generally the over- 
tone is combative and unfriendly? 
Demagogues are often prone to hold 
up oil companies as guilty of exploit- 
ing our national resources and of 
flagrant mal-practices, and both the 
federal Congress and state investiga- 
tive committees consider unfriendly 
legislation again and again, and have 
unceremoniously hauled oil company 


officials before them. Examples of this 
nature are too common to doubt this 
propensity of our law makers. 

Since its early Pennsylvania years 
science and technology have brought 
to the oil industry amazing intricacies 
and streamlined efficiency. And under 
its highly competitive and free enter- 
prise system, more than 1,360,000 
wells have been drilled since 1859 and 
37 billion barrels of crude oil have 
been taken from oil horizons, with 
our proved reserves increasing decade 
after decade. 

Throughout the last 48 years the oil 
industry has been the Gulf South- 
west’s most stabilizing enterprise, re- 
vealing its frontier nature in every 
stage of its development, with scien- 
tific techniques bringing revolution- 
ary and novel changes. In his search 
for oil the prospector has exchanged 
soothsaying and the divining rod for 
the seismograph, the magnetometer, 
the gravity meter, and torsion balance 
to set sound waves in motion upward 
through various rock strata, to reach 
deeply buried bumps or arches of 
magnetic rocks, or to measure minute 
differences in the pull of gravity to 
ferret out heavy rock domes or salt 
domes—all to find clues to oil traps 
thousands of feet deep. Drillers have 
abandoned the spring pole and wood- 
en derrick in favor of rotary equip- 
ment and giant steel derricks, some 
of which are capable of holding up 
more than 1,000,000 lb of drill pipe 
or casing and of sending their bits 
into formations four miles deep. 

Chemists and physicists have also 
advanced the sciences of gas and oil- 
hydrocarbon refining and manufac- 
turing, performing in their labora- 
tories many “miracles from mole- 
cules” and making possible more than 
1200 useful products. They have also 





The Marshall Plan was given 
- credit for the fact that Europe is 
making some progress toward eco- 
nomic recovery in a paper pre- 
sented before the Third World Pe- 
troleum Congress at The Hague, 
by E. Groen, secretary of the Neth- 
erlands Government office for pe- 
troleum, and delegate to the Organ- 
ization for Europe Economic 
Cooperation Oil Committee. 

In his paper entitled, “The Sig- 
nificance of the Marshall Plan for 
the Petroleum Industry in Europe,” 
Groen pointed out that world pro- 
duction of crude oil has soared far 
greater than could be expected at 
the beginning of the Marshall pe- 
riod, and lack of refining capacity, 





=, 


Marshall Plan Aid to Europe 


Praised 


has, in the general opinion, since 
been overcome. Groen added that 
great activity is taking place in the 
realm of transport, as witness the 
substantial expansion of the world 
tanker fleet. 

He stressed the fact that petro- 
leum is playing a more and more 
important role in the economy of 
the OEEC countries, and that the 
refinery expansion program has de- 
veloped to the point that 1950's 
output was 150 per cent above that 
of the 1947 level. He concluded 
that Europe is being equipped with 
refineries that operate efficiently, 
and that will undoubtedly make a 
valuable contribution to the recov- 
ery of the European economy. 
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developed the present-day refineries, 
awesome cities of steel, with their 
roaring furnaces generating hundreds 
of degrees of heat, with assemblages 
of huge catalytic crackers, stills, frac- 
tionating towers, mazes of large and 
small pipes, and with vast farms of 
storage tanks, like monster toadstools. 
These mechanical innovations have 
made modern refineries little like the 
primitive “skimming vats” and “tea 
kettles” of a few decades past. 

And as to its transforming econom- 
ic influence, the Gulf Southwest’s pe- 
troleum industry stands out conspic- 
uously in comparison with other 
western industries. The value of its 
cumulative crude oil yield from 1901 
to 1945 has been approximately four 
times that of both gold and silver pro- 
duced in 12 leading mineral-bearing 
western states. and, in 5 of these states 
during the decade 1936-1946, almost 
a third more than the combined in- 
come from their cotton, corn, and 
wheat. In the last year of this decade 
Texas petroleum and petroleum prod- 
ucts brought nearly $150,000,000 
more than this state’s combined in- 
come from farm crops and livestock 
and products (including government 
subsidies). The cattle industry, too. 
suffers in comparison. The cumula- 
tive wealth from the Great Plains cat- 
tle industry of the last 50 years is 
dwarfed beside the oil income of the 
Gulf Southwest during this period. 


The oil industry’s impacts on the 
Texas citizen and his institutions 
have been equally marked, as may be 
seen in figures relating to this state, 
which produces two-thirds of the Gulf 
Southwest’s oil. In Texas during 1947 
alone the oil industry’s payments in 
wages and salaries, lease rentals. 
bonuses and royalty, for equipment 
and supplies, for contract drilling, 
for geophysical prospecting, in state 
and local taxes, in interest on bor- 
rowed money, and for other invest- 
ments, amounted to $2,253,181,000. 
And in other Gulf Southwest states 
its expenditures were proportionately 
as great. 


In the light of these facts, and nu- 
merous others could be cited, it seems 
just as illogical to think of the mod- 
ern oil industry as being much that of 
its “lamp and lubrication” years as 
it does to identify present-day trans- 
portation with its prairie schooner 
and horse and buggy years. It should 
be said, too, that public, business and 
professional ethics have steadily im- 
proved since the muckraking era. If 
oilmen of the late nineteenth and early 
twentieth centuries engaged in sharp 
dealings, they were certainly no worse 
than other industrial leaders of that 
period. All were products of their 
time; some were circumspect, others 
were not. American people have a 
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tendency to make hasty generaliza- 
tions in such matters. Certainly, the 
average oilman of today is as progres- 
sive a citizen as any other industrial- 
ist and he has made a contribution 
to the American economy of which we 
may well feel proud. 


But how does the present-day his- 
torian look at oil, you may ask? I 
shall give you the answer to this 
question by listing the results of my 
recent study of 13 leading university 
and college textbooks in American 
history. The indexes of three of them 
do not even include the word “oil” or 
“petroleum,” and in 6 of them the 
petroleum industry is not discussed, 
except in four instances where it is 
presented in connection with “oil 
scandals.” One text, indeed, devotes 
|3 pages to “oil scandals,” six others 
from three to almost 5 pages, and the 
average of all thirteen, 3.3 pages. 

In those textbooks that include a 
presentation of the oil industry, the 
space devoted to the subject runs from 
two or three lines to 514 pages, while 
that to oil scandals from one-half to 
13 pages. The average space in all 
13 textbooks devoted to the rise and 
development of the oil industry is one 
page, while gold discovery and min- 
ing is given more than four times as 
much space. W. Jett Lauck says that 
all the gold and silver produced in the 
world from 1493 to 1875 was worth 
but fifteen and one-third billion dol- 
lars. Yet the United States crude oil 
output since 1859, at posted field 
prices, has been worth approximate- 
ly 4 times that amount, which would 
seem to justify reversing the textbook 
space given to these two natural re- 
sources, 

It is also apparent that the Ameri- 
can historian is far less familiar with 
the rise and development of the oil in- 
dustry than he is with mining, lum- 
bering, coal-mining, steel manufac- 
ture, the automotive industry, or agri- 
culture. His textbook coverage of the 
oil industry is generally that of its be- 
ginning, e.g. the Drake well, early 
Pennsylvania oil history, and the rise 
of the Standard Oil Company. Indeed, 
one account of about 9 pages traces 
the early industry’s development and 
the Standard Oil Company by prefix- 
ing it with a scathing arraignment of 
the early-day and modern oilman;* 
and another softens its condemnation 
of Rockefeller with, “Yet it is only 
fair to say that his competitors were 
no less unscrupulous than -himself.' 
Still another says that the Standard 
Oil trust was accomplished only on 


The Cause of the Panie of 1893 (Boston, 
1907), 6. 

"Beard, The Rise of American Civilization 
(2 vols., N. Y., 19380), IT, 177-186. 

‘Morrison and Commager, Growth of the 


imerican Republic (2 vols.,. New York and 
London), IT, 137. 
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As crude oil alone is not a homo- 
geneous material, measurement 
alone is not sufficient, and there- 
fore accurate sampling must ac- 
company measurement by volume 
in order to determine how much of 
the quantity measured is saleable 
oil and how much valueless impuri- 
ties, is the conclusion reached in 
one of the papers presented before 
the Third World Petroleum Con- 
gress. The paper, entitled “New 
Techniques in the Gathering, Meas- 
urement, and Sampling of Crude 
Oil,” was written by three Gulf Re- 
search and Development Company 
men. They are: B. R. Walsh, E. W. 





Sampling Essential to Accurate Measurement 


Jacobsen, and R. J. S. Pigott. 

Object of the paper is to discuss 
possible solutions to the problems, 
encountered in the gathering, sam- 
pling, and measurement of wel! 
production for control records and 
cost accounting. A water detector 
has been developed by Gulf Re- 
search, which is essentially a water 
sensitive capacitor feeding a ca- 
pacity operated relay that performs 
control functions. 

The authors also discuss the im- 
proved Robinson system of tank 
strapping and the establishment of 
the 5-gallon seraphin test measure 
as the basis standard of volume. 








paper, that today the inevitable in- 
tegration of capital has often created 
a community of interest that has pro- 
duced a situation similar to monopoly. 

I might also add that the oil indus- 
try fares no better in one or two-vol- 
ume editions of parallel readings, nor 
in state histories of even the oil states. 
May I suggest that fathers present 
examine your children’s American 
or state history textbooks. No doubt 
you will find much the same treat- 
ment of the oil industry as I have 
found. Now I do not know how many 
high school and college students are 
studying American history annually, 
but from incomplete figures available 
I would estimate them roughly at 
3,500,000. One may well see how over 
a decade this would become a goodly 
percentage of our future citizens. 

Now what is the net result of these 
unfortunate incidents and circum- 
stances of the past? Do they consti- 
tute a modern problem for the oil in- 
dustry? If so, what can be done about 
it? 

If annually 3,500,000 high school 
and college students enrolled in gen- 
eral United States history courses 
have the opportunity of reading about 
the oil industry, within a decade 35,- 
000,000 these future citizens will have: 
had this same opportunity. At best, as 
stated, these history texts picture the 
oil industry inadequately, in connec- 
tion with scandals, or in an unfavor- 
able light. The over-all result, there- 
fore, is a negative presentation. Clear- 
ly this leaves the oil industry with a 
pressing public relations problem. If 
your industry has contributed vitally 
to American industrial life, if it has 
turned to useful purposes America’s 
one indispensable natural resource. 
and if it has in large part imple- 
mented our industrial growth, then 
high school and college students 
should know these things. Certainly 


general American history textbooks - 


should give far more space to the oil 


industry's growth and development : 


than they now give. 

Oilmen, therefore, should see to it 
that this story is made available for 
all to read. As I see it, this problem 
can be solved by the immediate 
launching of a long-range program: 
(1) by providing our town and city 
libraries with a variety of dependable 
oil literature and by the setting up 
of a national research center and per- 
haps adequate regional libraries; (2) 
by lending generous support to oil 
and gas associations (such as the 
Texas Mid-Continent Oil and Gas As- 
sociation), to public relations agen- 
cies and to your trade journals—all 
of which are doing much to build 
for you a friendly climate, and (3) by 
financing the research and objective 
writing of highly trained and na- 
tionally known historians and by fur- 
nishing scholarships and fellowships 
to superior social science graduate 
students, as well as those in engineer- 
ing, chemistry, geology and physics, 
as is at present being done. 

Within a few years this last-named. 
long-range policy would result in 
sound, dependable historical accounts, 
depicting every phase of the oil indus- 
try which in turn would furnish his- 
torians adequate reference for their 
proper textbook presentation of the 
oil industry. In:my opinion, such an 
expenditure, if carefully directed. 
would become a sound investment, 
certainly as much so as any other ex- 
ploratory‘operation of a company or 
of the industry. Such a project could 
be launched by a company, a regional 
organization, or the .industry as a 
whole. In these days of turmoil, high 
taxes, and socialistic trends, the oil 
industry could well afford thus to 
look toward its tomorrow. No doubt. 
the future danger of oilmen may be 
like that facing the English stee! in- 
dustry of today. et 
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CALIFORNIA OL 


West Coast operators have their own pattern 


of supply to fill and unusual conditions to 
overcome — Foresight is required equipment 


R. L. MINCKLER* 


For as long as I have been in the oil 
business, and that is a long time, Cali- 
fornia has been right on the verge of 
running out of oil. But we have never 
quite made it. 

Right now, our inventories of crude 
oil and products are 95,000,000 bbl, 
which is a pretty low level, represent- 
ing, as it does, only 90 days of over- 
all supply. Current demand is running 
considerably in excess of current sup- 
ply. These facts have once more 
brought upon us the pity of the rest 
of the industry, and once more the 
story is being told that California is 
about to run short of oil. 

In judging the validity of this be- 
lief, there are certain factors, which 
are not adequately understood, even in 
the California industry, and which 
need careful examination. 

The most important of these factors 
which have given a sudden spurt in 
the demand for California oil is the 
war in Korea. A year ago, the military 
demand in this area was only 65 to 
70,000 bbl per day. It is now running 
115 to 120,000 bbl per day, an in- 
crease of 50,000 bbl per day. I do not 
know if this increase is temporary or 
permanent, because I do not know the 
military plans for the Pacific area. So 
long as inventories on the Pacific 
Coast are in excess of working levels, 
I suppose it is the correct procedure 
to supply military needs from them, 
but when the surplus is all gone, I be- 
lieve that we should view the supply 
of military products as a national 
problem, not as a West Coast problem. 
I do not believe that the California 
district can be expected to indefinitely 
supply 56 per cent of the military re- 
quirements with only 16 per cent of 
the crude oil production of the coun- 
try, as we are now doing. I hope that 
ihe governmental agencies now being 
established in Washington, and the 
industry east of the Rockies, will ac- 
cept that as a sound policy and shift 
some of the direct military demands 
from our shoulders. 


_ t Presented before the Division of Production 
Group Session, 30th annual meeting, American 
Petroleum Institute, Los Angeles, California, 
November 15, 1950. 

*CGeneral Petroleum Corporation, Los An- 
fele., California. 
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We are feeling the impact of the 
Korean war and the accelerated de- 
fense program in areas other than di- 
rect military requirements. A year 
ago, the heavy fuel oil requirements 
of our railroads were about 55,000 
bbl per day and they were declining 
as the railroads replaced their steam 
locomotives with diesel engines. The 
number of diesel engines has in- 
creased, but the increase in military 
and industrial activity has required 
the re-employment of laid-up steam 
engines and the railroad heavy fuel 
oil demand is now up to around 80,- 
000 bbl per day, an increase of about 
25,000 bbl per day. Even if military 
and industrial activity keeps up at the 
present high level, I believe that it is 
a reasonable expectation that the use 
of heavy oil by the railroads will de- 
cline as the use of diesel engines is 
expanded. 

Another important demand factor 
is the use of heavy fuel oil for ships’ 
bunkers. This is runing at about twice 
the level of a year ago, an increase of 


about 35,000 bbl per day. This large ° 


increase is the result of two principal 
factors, the Korean war which has 
brought a considerable number of 
merchant vessels out of the mothball 
fleet, and the fact that fuel oil bunker 
prices on the Pacific Coast have been 
very much lower than any other place 
in the world. I do not know if the pres- 
ent high level of Pacific Ocean ship- 
ping will be maintained but I believe 
it is a reasonable expectation that the 
price differential which has favored 
West Coast bunkering of vessels will, 
in time, be eliminated, and some 
bunker business will be shifted to 
East Coast, Gulf Coast, and Panama 
Canal ports. 


A demand factor of great impor- 
tance in California is the increasing 
use of fuel gas and fuel oil in supply- 
ing the needs of the area for electricity. 
There has been some increase in hy- 
droelectric generating capacity, but 
the principal source of the increase in 
electric energy since World War II 
has been in steam generating plants. 
Before the war, the use of fuel oil in 
steam plants was negligible, but in 
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1949 it worked up to 52,000 bbl per 
day. In the early part of 1950, this 
demand dropped because of the in- 
creased availability of natural gas, 
largely resulting from the new supply 
in the Texas-California gas line, but 
fuel oil use in steam plants is again on 
the increase and can be expected to 
reach new high levels in the coming 
winter. 

The effect of natural gas imports 
into the Pacific Coast area on oil re- 
quirements is commonly overlooked, 
but it is of considerable importance. 
The second line from Texas and New 
Mexico will be operating next year, 
and it is a reasonable expectation that 
within the next few years a gas line 
will be laid into the Pacific North- 
west. These two lines will probably 
displace 100,000 bbl per day of oil 
fuel demands. 

I would not have you get the idea 
that the future of oil demand in the 
Pacific Coast area is all black. This 
part of the country is, as you know, 
growing very rapidly. From 1940 to 
1950, our population in the five West- | 
ern states increased from 10 to 15.,- 
000,000 people, an increase of 47 per 
cent. This is the greatest migration of 
people in the history of the world. It 
can be expected to continue, and the 
appetite of our people for more and 
more oil products will also continue. 

We think that the civilian and in- 
dustrial demand in our natural mar- 
ket area will be about 850,000 bbl per 
day in 1951, the same level as at the 
present time. About 90,000 bbl per 
day of the supply required to meet 
that demand will come from conden- 
sates, natural gasoline, and LPG and 
from imports, so the crude oil require- 
ments for our local civilian markets 
are only about 760,000 bbl per day. 
With crude oil production of about 
935,000 bbl per day at the present 
time, it is evident that the local civilian 
market can be met from our own pro- 
duction for several years, even with- 
out any important discoveries. 

Of course, there are still the mili- 
tary and offshore markets to be sup- 
plied. For the first 8 months of 1950, 
these have been as follows: 

Military 90,000 bbl per day 
Pacific Foreign.... 71,000 bbl per day 
Intercoastal 88,000 bbl per day 
TOTAL 249,000 bbl per day 

It is the supplying of these markets 
that has run the total demand of this 
area up to 1,081,000 bbl per day and 
resulted in a withdrawal from our in- 
ventories of 120,000 bbl per day. 

I have already discussed the prob- 
lem of military supply. This has aver- 
aged 90,000 bbl per day for the first 
8 months of this year, but is currently 
running at 120,000 bbl per day. What 


we used to consider a “normal’’ mili- 
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tary requirement from this area is 
about 75,000 bbl per day. I expect 
that, with the increase in military ac- 
tivity, which now seems unavoidable, 
a new normal level of military re- 
quirements will be about 100,000 bbl 
per day. 

Of the Pacific foreign shipments of 
71,000 bbl per day, about 45 or 50,000 
bbl per day are to areas where Cali- 
fornia has a transportation advantage 
over other potential sources of supply, 
so | expect that a reasonable guess is 
that shipments will continue at about 
that level so long as supplies are avail- 
able here. 

The intercoastal shipments of 88,- 


000 bbl per day will probably disap- . 


pear from the picture in 1951. These 
were shipments, principally heavy 
fuel oil to the East Coast, which were 
made to reduce surplus inventories of 
a year ago. 

So, for the next year, we have a firm 
domestic market of about 850,000 bbl 
per day, a military market guess of 
100,000 bbl per day, and a Pacific 
foreign market of 50,000 bbl per day, 
or total requirements of 1,000,000 bbl 
per day. 

Peering into the crystal ball a little 
further, we see conflicting trends of 
demand. To increase demand, we fore- 
see a steadily increasing population 
and an increasing use of fuel per 
capita. To decrease demand, we fore- 
see the continued conversion of raii- 
road engines from steam to diesel, a 
loss of some ship bunkering business, 
and the construction of new gas lines. 
Perhaps a reasonable guess is that 
these conflicting demand trends will 
about offset each other and that the 
California problem can be said to be 
that of meeting a 1,000,000 bbl per 
day demand for the next several years. 
That will not be the exact problem at 
any particular time, because emer- 
gency military demands, variations in 
the timing of construction of the gas 
iines, shortages of materials—any one 
of a number of variables can throw 
the figure one way or the other—but 
in a broad general way, that is the 
size of the problem. 

To meet a demand of 1,000,000 bbl 
per day will require a crude oil pro- 
duction of a little more than 900,000 
bbl per day, along with natural gaso- 
lime production and normal receipts 
from other districts. So another way 
of stating the problem is, “Can Cali- 
fornia continue to produce 900,000 
bbl per day for several years?” 

We are currently producing 935.- 
000 bbl per day with perhaps 2000 
small size wells shut in, so our pro- 
ductive capacity today is perhaps 
950,000 bbl per day. We have had a 
very low development drilling rate for 
the past two years, because of the 
1948 and 1949 temporary over-supply 
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of oil. In 1948, we completed 2150 oil 
wells, in 1949, 1777, and in 1950, the 
figure will probably be about 1300. 
We have a rather small inventory of 
high-grade undrilled proved locations, 
and even an accelerated development 
drilling campaign to the level of 1948 
would not run our efficient productive 
capacity up to much more than 1,000.- 
000 bbl per day. At that rate, the 
quality of our remaining undrilled lo- 
cations will be of a pretty low order 
and their drilling would probably not 
offset natural decline. Then, we would 
become dependent upon presently un- 
discovered reserves to maintain pro- 
ductive capacity. The record of dis- 
coveries in the past few years is not 
encouraging. The only first-class oil 
field found in California during the 
past 10 years is Cuyama, and even 
Cuyama looks pretty small in geologic 
time when measured up against a mil- 
lion barrels per day demand. 

Probably there are a few more Cu- 
yamas lying around somewhere in 
California, and more small fields will, 
of course, be found, but the present 
prospect is that the finding costs will 
be high and the rewards pretty small. 

You will not that I am leaving out 
of consideration two important pro- 
duction possibilities, the Elk Hills 
Naval Reserve and the undoubtedly 
large discovery possibilities offshore. 

Now, I know the political impos- 
sibility of counting the Naval Reserve 
as a source of potential supply. The 
soundest prophesy for that oil is that 
it will still be there after a new source 
of energy has displaced oil, thus con- 
tinuing its so far unbroken record of 
complete uselessness. 


In that connection, I believe it is 
the patriotic duty of the oil industry 
to keep always in mind the Elk Hills 
Naval Reserve situation, so that when 
proposals come up from the politi- 
cians to create more Naval Reserves, 


the truth about Elk Hills can be told. 


We should understand thorovghly 
that from an availability of supply 
standpoint the Naval Reserve is the 
only field that was a burden to the op- 
eration of World War II. I know that 
it produced a trifling amount of oil, 
but the waste of manpower and mate- 
rial in getting that little dribble was 
fantastic. In a future World War. 
maybe Elk Hills will supply enough 
oil to run the war for a few hours, 
but, as in all past emergencies, our 
country must put its reliance upon the 
privately operated oil industry, which 
will supply more than 99 per cent of 
the requirements. 

rom the standpoint of costs—I 
don't know how many hundreds of 
dollars per barrel Elk Hills oil will 
finally cost, but it will no doubt have 
the questionable distinction of being 
the most expensive oil in the world. 


We, in the oil business, have the 
duty of preventing, if we can, the ciea- 
tion of any more such outrageous 
programs. 

There is, no doubt, a very large 
volume of oil waiting to be discovered 
in structures offshore from California. 
With the Federal government seizure 
of these submerged lands, they have 
become a political issue and for a long 
time will be a source of political trad- 
ing and speech-making, instead o! a 
source of energy for the use of the 
people. These potential reserves can 
not be counted into our assets for a 
good many years. 

As I see the picture, we have plenty 
of oil in California for a few years 
more, but I believe that we are ap- 
proaching finally the day when there 
will be a shortage of over-all local 
crude oil production. The old cushion 
of unused production capacity is about 
gone and productive capacity will be 
very close to market demand. 

This situation may present a very 
real threat to the efficient recovery of 
our remaining reserves. The balance 
of supply and demand for individual 
companies will be widely different, 
and there may be a very great tempta- 
tion for some companies short of sup- 
ply to produce their reserves at too 
high levels, instead of efficient rates. 
This will delay the time of shortage, 
but it will add to the supply problem 
in later years.. 

As to our refinery problem, we have 
a statistical surplus of refining ca- 
pacity. The quality of this surplus is 
poor, consisting mainly of straight- 
run units that can not profitably op- 
erate at the existing levels of crude 
oil and products prices. There is some 
inefficient refining going on now, prob- 
ably as much as there is efficient ca- 
pacity in idle units. I do not believe 
that there is any over-all excess refin- 
ing capacity in this district and | 
think that new capacity will be built. 

Also, as I see the pattern of product 
demand over the coming years, the 
light product requirements for gaso- 
line and distillates will increase and 
the heavy fuel demands will decrease. 
I expect that additional cracking fa- 
cilities are going to be required. 

We are probably coming into a pe- 
riod where crude oil productive ca- 
pacity, refining capacity, and market 
demand are very close to being in 
balance each with the others. Some 
very large and very important deci- 
sions affecting the future growth of 
the industry will have to be made. 
They will take foresight, skill and 
courage, but these are the things with 
which our industry is well endowed. 
I have no doubt whatever that we will 
continue to supply the people of this 
area with all of the oil products they 


wish for as long as they wish them. 
kk 
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Tus analysis and discussion deals 
with the basic principles and 
philosophy underlying the income 
tax provisions applicable to petro- 
leum production, and with the prac- 
tical considerations involved in a 
sound taxing policy that will induce 
the risk of billions of dollars of capi- 
tal that must be spent annually to dis- 
cover and develop the petroleum 
supplies required for our economy 
and for national defense. The analysis 
is not intended to be a technical treat- 
ment of the subject. Such technical 
treatment would involve many details 
best left for discussion by tax experts. 
lawyers, and accountants. 


Importance of Petroleum Supplies 


Oil and gas are more essential to 
the United States today than ever be- 
fore. They have now become our 
principal source of energy. Ample 
supplies of these fuels are indispen- 
sable for national security as well as 
for economic progress. Oil and gas 
are major factors in our rising stand- 
ard of living. We use and need great 
quantities of energy provided by oil 
and gas for industry, for transporta- 
tion, for agriculture, and for the 
home. Our industrial civilization de- 
pends on the continued adequacy of 
petroleum supplies, particularly for 
transportation. 

Will we continue to have enough 
oil and gas for national security and 
economic progress in the years 
ahead? There are many technological 
and economic factors that must be 
weighed in arriving at a reasonable 
answer to that question. In my opin- 
ion, the United States will continue to 
have the oil and gas it needs for the 
foreseeable future provided that there 
ls no interference with satisfactory 


+Presented before a division production group 
session, 30th annual meeting of the American 
Petroleum Institute, Los Angeles, California, 
November 15, 1950. 

*President, Humble Oil & Refining Company, 
Houston, Texas. 





PETROLEUM 


TAX POLICY 


and 





THE PETROLEUM ENGINEER, Reference Annual, 1951 


HINES H. BAKER* 


economic incentives in the search for 
new petroleum reserves. The existence 
of reasonable economic incentives will 
bring about the huge investment of 
capital necessary to continue the ex- 
ploration, development, and techno- 
logical advances that make it possible 
to provide sufficient oil and gas for an 
expanding economy. In the absence 
of reasonable incentives, supplies of 
oil and gas will be affected adversely 
and our standards of living and na- 
tional security will suffer correspond- 
ingly. 

Recent developments emphasize the 
need for consideration of the impact 
of tax policy on petroleum supplies. 
The trend toward higher income taxes 
reduces the incentive and opportunity 
to make new investments in produc- 
tive facilities for all business. It will, 
therefore, influence exploration and 
development of new petroleum re- 
sources. That risk the oil industry 
shares in common with other business 
activities. In addition, however, the 
pressure on the government to raise 
more revenue has led to dangerous 
proposals for changes in the tax struc- 
ture which would strike a direct blow 
against future domestic petroleum 
supplies. The changes proposed early 
this year in the maximum rate of de- 
pletion from 27.5 to 15 per cent on 
the value of production would have 
cut virtually in half the rate that has 
been recognized since 1926 as neces- 
sary to provide fair treatment for this 
hazardous business and to encourage 
the further venture of risk capital in 
the search for new reserves. Another 
proposal would cut depletion still fur- 
ther by allowing it to apply only after 
gross income equaled the intangible 
development costs rather than over 
the full producing life of a property. 
These proposals would inevitably re- 
sult in reduced exploration, smaller 
supplies of petroleum, and higher 
prices for petroleum products, all of 
which would hurt national security 
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and handicap further economic prog- 
ress. 

Abundant supplies of oil and gas 
have been of tremendous benefit to 
all of us by providing low-cost trans- 
portation, machines to increase pro- 
duction while hours of work are 
reduced, and all the comforts of con- 
venient and clean heat and power in 
our homes. Furthermore, they have 
been enormously valuable to the 
United States in time of war. In 
World War II, for example, petro- 
leum products for ships, planes, tanks, 
trucks, and other equipment carried 
our fighting forces to victory, with a 
saving of immeasurable value in lives, 
time, and money. Abundant oil sup- 
plies meant victory for our forces, 
while inadequate oil supplies spelled 
ultimate defeat for our enemies. Sure- 
ly the government will not seriously 
consider tax measures that would 
jeopardize national safety and have a 
disastrous effect on our future eco- 
nomic progress if it understands the 
principles and facts involved in this 
important matter. 


The Principle of Depletion 


Since the first income tax law was 
passed in 1913, Congress has recog- 
nized that such laws must take into 
account the depletion of national re- 
sources incident to production. De- 
pletion is comparable with deprecia- 
tion on other capital assets. Both de- 
preciation and depletion must be rec- 
ognized in income tax laws in order 
to avoid the fundamental mistake of 
taxing capital as though it were in- 
come. The Sixteenth Amendment to 
the Constitution authorized tax on in- 
come only, and not on capital. When- 
ever income taxes are imposed, it be- 
comes necessary to define and distin- 
guish between capital and income so 
that the receipts of a taxpayer that 
represent the return of capital are not 
subjected to taxation as though they 
were current income. This distinction 
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is essential to protect capital assets, 
including basic natural resources, so 
that capital may be replaced and addi- 
tional capital attracted into the pro- 
ductive operations that create our in- 
come. 

The problem of measuring capital 
is relatively simple in the average 
business. In most activities of normal 
risk the capital is about the same as 
the investment in productive facili- 
ties. If a firm invests $1,000,000 in a 
plant that will last 20 years, its de- 
preciation is at a rate of $50,000 a 
year. Such depreciation is deducted 
from gross income each year in arriv- 
ing at net taxable income. That prin- 
ciple applies with equal force to the 
refining, transportation, and market- 
ing activities of the petroleum indus- 


try. In the case of oil and gas explora- - 


tion and production, however, as for 
all other natural resources involving 
considerable hazard, investment in a 
property is not an adequate measure 
of capital value created by the de- 
veloper of new resources. To encour- 
age continued exploration, depletion 
provisions must take into account the 
capital value of the resources them- 
selves. 

What is the capital that should be 
allowed for the depletion of natural 
resources discovered on a property as 
a result of hazardous exploration? 
It is not merely the investment in a 
particular productive property, for 
under such a narrow interpretation 
the capital risked and lost in non- 
productive ventures would be entirely 
overlooked. It takes the exploration 
of many leases to locate one structure 
with sufficient promise to warrant an 
exploratory test, and less than one in 
five such tests discovers a new field. 
That means that the capital risked in 
the search for oil is much more than 
five times the amount spent in locat- 
ing the discoveries. In such circum- 
stances, it would be unfair by any rea- 
sonable standard to limit the capital 
returnable by depletion to the amount 
spent on productive properties. Even 
if an operator has sufficient other in- 
come against which he can deduct his 
non - successful expenditures (which 
might not be the case for one seeking 
to get started in the business), that 
only reduces his taxes without actual- 
ly returning the capital lost or pro- 
viding an opportunity to earn a profit 
on it. 

A reasonable investor could not af- 
ford to venture large sums of capital 
against substantial odds if he were 
limited to recovering as capital only 
what he spent on the discoveries while 
required to absorb all the losses on 
the numerous failures. There must be 
the hope of a return in case of success 
greater than the amount risked on the 
successful venture in order to attract 
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sufficient operators into any business 
involving large risks. Return to the 
most successful operators may seem 
large when viewed alone, but the aver- 
age return is apt to be quite small. 
The hope and realization of large re- 
ward for unusual success is indispen- 
sable to induce enough operators to 
take the risks involved in the search 
for new oil. Naturally, the reward 
should be in proportion to success in 
finding oil. The value of a new dis- 
covery is governed by the volume of 
oil discovered, and not by the amount 
of money spent in locating it. As the 
property is depleted of resources, that 
value declines. Depletion provisions 
must reasonably consider that value. 
It is proper and reasonable, there- 
fore, to measure depletion by capital 
value in the case of a resource, such 
as oil, which requires a hazardous 
search for its discovery. 

As a property is produced it expe- 





Fair treatment concerning 
allowance for intangible de- 
velopment costs and deple- 
tion has permitted the oil in- 
dustry, despite the great risks, 
to keep the United States 
abundantly supplied with 
its products. This is not the 
time to experiment with a tax 
program that restricts devel- 
opment of our oil resources. 











riences a decline in value for two rea- 
sons: (a) the depletion of the oil and 
gas, and (b) the depreciation of the 
wells and equipment that make pos- 
sible the production. Provision must 
be made for the consideration of both 
depletion and depreciation in the in- 
come tax laws to deal fairly with pe- 
troleum producers, and all producers 
of natural resources in general, as 
compared with other business activi- 
ties. Congress has studied this ques- 
tion carefully since the introduction 
of income tax laws and very early in 
the history of those laws worked out 
a fair and sound system that has been 
in effect for more than a quarter of a 
century. A review of that history dem- 
onstrates the reasonableness of the 
present tax provisions relating to oil 
producing properties. 


History of Depletion Provision 


The first income tax law was passed 
by Congress in 1913. It included pro- 
vision for “a reasonable allowance for 
depletion of ores and all other natural 
deposits.” The practical definition of 
a reasonable depletion allowance re- 
mained to be determined through ex- 
perience. After a brief unsatisfactory 


experiment in the 1916 law with de. 
pletion based on cost, except for prop. 
erties producing on March 1, 1933, 
for which the value on that date could 
be used, Congress decided on the prin- 
ciple of discovery value for depletion 
in the Revenue Act of 1918. This Act 
provided that depletion should be 
based on “the fair market value of the 
property at the date of the discovery, 
or within thirty days thereafter.” By 
this action Congress placed operators 
who discovered properties after March 
1, 1913 on the same basis as those who 
had discovered properties prior to 
that time; that is, it reaffirmed value 
rather than cost as a basis for deple- 
tion. 

Administration of the 1918 Act re- 
quired that a “fair market value” 
be determined after the discovery of 
oil. In practice, this provision proved 
very difficult to administer. There were 
so many leases and such wide differ- 
ences of opinion as to “fair market 
value” that the Bureau of Internal 
Revenue was swamped with endless 
detail and controversy. After several 
years of such difficulty a Senate Select 
Committee was created to investigate 
the administration of the tax laws. The 
work of that committee led to adop- 
tion in 1926 of the formula for deple- 
tion still in effect today. 


The Revenue Act of 1926 main- 
tained firmly the principle of value as 
the proper basis for depletion, but in- 
troduced a new method of computa- 
tion. The change was made to simplify 
administration and achieve a greater 
measure of justice among taxpayers. 
One government witness, the attorney 
for the Senate Committee, testified as 
follows: “I believe that it is absolutely 
imperative that some method of de- 
termining depletion be figured out as 
a substitute for the present method of 
basing it upon valuations.” He also 
said that a greater measure of justice 
in the long run could be established 
if Congress were to fix depletion al- 
lowance at a percentage for all tax- 
payers on the sale value of their prod- 
ucts. A representative of the Treasury 
Department said it would be a great 
step in advance if something could 
be done to relieve the Department of 
the necessity of making the valuations 
required by the Revenue Act of 1918. 
He said that if Congress could deter- 
mine a proper rate the only question 
would be how far it was willing to go 
in adopting such rate in the interest 
of simplicity as against following the 
exact logic of the principle. 

After considering all the testimony. 
the Senate Finance Committee recom- 
mended in the interest of simplicity 
and certainty in adminstration that 
the allowance for depletion in the case 
of oil and gas wells should be 25 per 
cent of the gross income limited to an 
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fast action by competent Visco Field Service. 


_ VISCO PRODUCTS COMPANY 
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New, high-flash-point solvent for wax, Houston 2, Texas 
grease, paint, oil-treating chemicals, and 2 
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such use, under the following United States Letters Patent: 2,050,639; 2,050,640; 2,206,589 ; 2,214,783; 2,214,784; 2,225,189; 2,303,414; 2,307,813; 2,318,034; 2,318,035 ; 2,321 056; 2,335,554; 2,454,808 
2,514,899. Viseo Products Company is willing to grant licenses on a royalty basis, to oil companies, and to others desiring to practice the patented subject matter, under any and all of 
the above Letters Patent, permitting the user to purchase the oil treating compounds at will from any vendor, or to prepare the compounds for use or to use the compounds under the 
above Letters Patent. Application for license should be made to: Visco Preducts Cempany, Houston. Texas. 
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amount not in excess of 50 per cent 
of the net income. The rate recom- 
mended was based on the experiefice 
in applying the discovery value pro- 
visions of the 1918 Act. In discussing 
the proposal before the Senate, Sena- 
tor Reed said that the rate was a hap- 
py medium for different kinds of prop- 
erties and that “if there is any error 
in the 25 per cent figure it is in favor 
of the government.” In the debate in 
the Senate on the committee’s recom- 
mendations, the term “real capital” 
was used in referring to the need for 
depletion based on discovery value or 
its equivalent, which Congress pro- 
posed to measure as a per cent of the 
sales value. The Senate increased the 
rate from 25 to 30 per cent when it 
adopted the bill, but a rate of 27.5 per 
cent was later agreed upon by the Con- 
ference Committee which reconciled 
the views of the House and the Sen- 
ate. The depletion provisions adopted 
in the 1926 Revenue Act have subse- 
quently been reviewed a number of 
times, but the testimony and evidence 
that the principle and amount of per- 
centage depletion are fair and reason- 
able has caused Congress to reject re- 
peatedly the proposed changes. The 
most recent endorsement of percent- 
age depletion was made this year by 
Congress after extensive hearings and 
careful review of the question. 


How Percentage Depletion Has 
Worked 


Percentage depletion has now been 
in effect a quarter of a century. In 
that period of time it has worked sim- 
ply and equitably. By protecting the 
capital value developed by successful 
producers, as intended by Congress, 
it has attracted into the search for and 
development of oil the billions of dol- 
lars that have been and will continue 
to be required to supply this country 
with increasing quantites of oil and 
gas. Domestic production of petro- 
leum liquids in 1950 will be about 
two and a half times as much as in 
1926, and the marketed production of 
natural gas this year will be about 
five times as much as in 1926. These 
increased supplies of oil and gas have 
accounted for all of the additional en- 
ergy consumption in the United States 
since 1926. They have added enor- 
mously to the productive capacity of 
the United States in agriculture, in 
industry, in transportation, and in 
other basic economic activities. 

Liquid fuels are the indispensable 
motive power of the marvelous trans- 
portation system of this country that 
has become part of our way of living, 
as well as a means of low-cost, ‘high- 
speed movement for all the goods we 
use. Because of abundant supplies, 
the price of petroleum products has 
been so low that the great mass of the 
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American people have enjoyed the 
benefits of liquid fuels to an extent un- 
equaled anywhere else in the world. 
The oil industry sells gasoline for less 
today than in 1926, and the quality is 
so much better that we can realize 50 
per cent more power now from each 
gallon. Such achievements explain 
why we can afford to use petroleum 
products in such large quantites. Per 
capita consumption of petroleum in 
the United States is 20 times as much 
as in the rest of the world. That dif- 
ference is a major factor in our su- 
perior productivity and standards of 
living. The tax provisions with re- 
spect to percentage depletion have 
been part of the economic structure 
that permitted the petroleum industry 
to expand so remarkably and serve us 
so well during the last 25 years. It 
does not make sense that we should 
even consider tampering with reason- 
able tax provisions that have pro- 
duced such great benefits for all of us. 


Percentage depletion, in effect, sub- 
stituted as a deduction the current cap- 
ital value of oil as it is produced for 
the discovery value determined at the 
time the lease first became productive. 
Over a period of rising and falling 
prices, the two methods give prac- 
tically the same result. Operators who 
develop oil at a time of high prices 
are allowed less depletion in a period 
of low prices under percentage deple- 
tion than the capital value at the time 
of discovery. On the other hand, op- 
erators who develop oil at a time of 
low prices are allowed more deple- 
tion in a period of high prices under 
percentage depletion than their capi- 
tal value at the time of discovery. 
Over a full business cycle these differ- 
ences are largely offsetting, although 
percentage depletion gives the appear- 
ance of providing some advantage in 
a period of high prices because it is 
related to replacement costs. For the 
ordinary business, depreciation is re- 
lated to actual investment and not to 
replacement costs. The disadvantages 
of this principle in periods of high 
prices are offset, however, by its ad- 
vantages in a time of low prices when 
depreciation provisions on_ invest- 
ments made during the boom phase 
of the business cycle are more than 
enough to replace the equipment be- 
ing worn out. Thus over a full busi- 
ness cycle, percentage depletion and 
depreciation give comparable results. 
Percentage depletion works out very 
fairly among different operators, fur- 
thermore, because it allows at all 
times a deduction related to the cost 
of replacing oil in order to stay in the 
business with unimpaired physical 
assets. 

The principle of percentage deple- 
tion now seems accepted beyond ques- 
tion, but sometimes the question is 


raised whether the rate of 27.5 per 
cent is correct. The best economic evi- 
dence of the reasonableness of this 
rate is its close reflection of the capi- 
tal value of oil in the ground. At ihe 
present time on an average price of 
crude oil of $2.55 a barrel the maxi- 
mum percentage depletion is 70 cents, 
and the savérage depletion is about 63 
cents because of the limitation to 50 
per cent of net income. This depletion 
allowance agrees very closely with the 
discovery value of oil in the ground. 
In Texas, for example, a number of 
sales of properties have been made in 
recent years at a price of about $1] a 
barrel for proved, developed reserves. 
Deducting from this price a typical 
cost of 30-35 cents a barrel (which 
is in addition to all the exploration 
expense), indicates a discovery value 
of about 65-70 cents. 


Depletion at the rate of 27.5 per 
cent has operated similarly to reflect 
the capital value of oil reserves in the 
ground over the full range of prices 
experienced since 1926, when the av- 
erage price was $1.88 a barrel and 
the provision meant a maximum al- 
lowance of 51.7 cents on that price. 
In the years 1930-1940, for example, 
the price of crude oil averaged only 
about $1 a barrel, on which the maxi- 
mum depletion allowance was 27.5 
cents. That amount was in line with 
the capital value of oil in the ground 
at that time. Similarly, in the post- 
war period percentage depletion con- 
tinued to reflect the changing capital 
value of oil in the ground as increased 
costs in the search for oil and infla- 
tion generally brought about rising 
prices. Such relations demonstrate 
that the depletion provision is still op- 
erating as intended in permitting the 
recovery of capital value, and that 
there is no justification for reducing 
the rate. 


Survey Adds Evidence 


A recent survey by the Mid-Contin- 
ent Oil and Gas Association of com- 
panies producing about half of the oil 
in the United States provides further 
evidence that the depletion rate of 27.5 
per cent is still right. In the years 
1926-1949 these companies spent on 
exploration alone, not counting an 
even larger amount for the develop- 
ment of productive wells, nearly as 
much money as their total allowable 
depletion. The expenditures for ex- 
ploration have moved up and down 
with the allowable depletion. Such a 
relation proves that a reduction in the 
rate of percentage depletion would 
affect the expenditures for exploration 
and therefore, the future supplies and 
prices of oil. The only way to avoid a 
reduction of the amount risked in 
the search for oil if the depletion 
allowance were cut would be for 
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changed conditions of supply and de- 
mand to result in prices sufficiently 
higher to make up the difference. To 
maintain the same incentive, the in- 
dustry as a whole would have to re- 
ceive additional revenue equal to the 
amount of the added taxes. Even if 
circumstances brought about price in- 
creases equal to the added taxes, a cut 
in percentage depletion would still re- 
duce the incentive for exploration and 
development because of the fear it 
would introduce with respect to pos- 
sible further changes in the future. 

The current rate of percentage de- 
pletion also appears reasonable in re- 
lation to industry experience as well 
as to that of the companies included 
in the survey of the Mid-Continent Oil 
and Gas Association. Cost estimates 
based on the total drilling and explo- 
ration activities of the industry indi- 
cate that in 1949 the oil industry spent 
more than a billion dollars on explora- 
tion alone, in addition to another bil- 
lion dollars on drilling and equipping 
productive wells. In spite of the high 
rate of operations in 1949, explora- 
tion expenditures for the industry ap- 
parently were fairly close to the total 
depletion allowed under the present 
rates. 


Another test of whether the prevail- 
ing percentage depletion provision has 
been too liberal is the rate of profit. 
If the tax provisions applicable to the 
depletion of oil production have been 
too liberal it should show up in a rate 
of profit higher for the oil industry 
than for other industries and should 
result in attracting into oil produc- 
tion more capital than necessary. Ac- 
tually, available statistics show that 
the rate of earnings of corporations 
in the petroleum industry has aver- 
aged less than that of corporations en- 
gaged in manufacturing and trade. 


The evidence on earnings in the 
years 1938-1949, the most prosperous 
period in the history of the United 
States, disproves the common miscon- 
ception that the oil business is ex- 
tremely profitable. During this time 
earnings on net worth averaged about 
11 per cent for large corporations in 
the oil industry compared with 12 per 
cent and 13.6 per cent for comparable 
corporations in manufacturing and 
trade, respectively, as shown by the 
annual studies of corporate net in- 
come by the National City Bank of 
New York (See Table 1). Only in the 
exceptional year of 1948 was the rate 
of earnings for oil corporations slight- 
ly higher than for the manufacturing 
and trade groups. A sharp decline in 
oil earnings followed immediately in 
1949, reducing the average return 
again to a level less than that in man- 
ufacturing and trade. Another study 
of financial results for 30 large oil 
companies by the Chase National 
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' TABLE 1. Net Income and Rate of Return of Leading Corporations. 





Manufacturing (NCB)! Petroleum products (NCB) 





Net Net Rate Net Net Rate Net Net Rate 

income worth of return income worth of return income worth of return 

(mil. $) (mil. $) per cent (mil. $) (mil. $) per cent (mil. $) (mil. $) per cent 
1938. .... 1,067.5 23,209.8 4.6 154.5 1,788.9 8.6 190.0 4,119.7 4.6 
1939... 2,095.5  25,125.2 8.3 211.7 1,896.3 11.2 230.4 4,649.3 5.0 
1940. 2,628.1 25,597 .8 10.3 205.0 1,945.6 10.5 252.0 4,689.9 5.4 
1941 .. 2,925.6 23,807 .9 12.3 233.5 2,122.1 11.0 306.5 3,583 .6 8.6 
1942... 2,521.5 24,905 .9 10.1 216.2 2,177.4 9.9 259.0 3,693 .2 7.0 
1943... .. 3,720.5 28,474.1 9.6 235.3 2,334.8 10.1 498.9 6,196.8 8.1 
1944 .. 2,889.8 29,5569 9.8 244.6 2,408.3 10.2 624.9 6,443.0 9.7 
1945. 2,997 .9 32,167.8 9.3 275.2 2,534.0 10.9 596.7 778.7 8.8 
1946 4,111.9  34,005.4 12.1 624.5 2,850.2 21.9 769.6 7,174.3 10.7 
1947... . 6,317.0  37,062.3 17.0 615.8 3,368.4 18.3. 1,215.9 7,712.5 15.8 
1948 8,172.4 44,959 8 18.2 707.7 3,880.2 18.2 1,930.1 9,160.6 21.1 
1949 6,998.5 50,656 .0 13.8 577.0 4,358.2 13.2 1,420.7 10,761.4 13.2 
Avg 3,787.9 31,627 .4 12.0 358.4 2,633 .7 13.6 691.2 6,246.9 11.1 


Combined petroleum products and 
Oil and gas producing (NCB) oil and gas producing (NCB) 30 oil companies (CNB)? 





Net Net Rate Net Net Rate Net Invested Rate 

income worth — of return income worth of return income capital of return 

(mil. $) (mil. $) per cent (mil. $) (mil. $) per cent (mil. $) (mil. $) per cent 
1938 19.9 317.6 6.3 209.9 4,437.3 4.7 300 6,203 5.1 
1939 15.8 298.0 5.3 246.2 4,947.3 5.0 321 6,290 5.4 
1940. 12.7 297.8 4.3 264.7 4,987.7 5.3 377 6,234 6.3 
1941.... 22.1 265.6 8.; 328.6 3,849.2 8.5 530 6,352 8.8 
1942.. 24.6 272.7 9.0 283.6 3,965.9 ye 403 6,494 6.6 
1943... 27.6 233.5 11.8 526.6 6,430.3 8.2 510 6,751 8.0 
1944 30.9 247.9 12.5 655.8 6,690.9 9.8 640 7,106 9.6 
1945 ; 31.0 273.7 11.3 627.7 7,052.4 8.9 602 7,485 8.6 
1946 35.3 292.9 12.1 804.9 7,467 .2 10.8 763 8,002 10.3 
1947 70.0 352.0 19.9 1,285.9 8,064.5 15.9 1,219 9,054 14.9 
1948 134.7 387.3 34.8 2,064.8 9,547.9 21.6 1,877 10,631 19.8 
1949 107.9 496.2 21.7 1,528.6 11,257.6 13.6 1,368 11,465 12.8 
Avg. - 44.4 311.3 14.3 735.6 6,558 .2 11.2 743 7,872 9.7 


' NCB—National City Bank. *? CNB—Chase National Bank. 


Bank shows average earnings on in- 
vested capital of less than 10 per cent 
for the period 1938-1949, a rate slight- 
ly lower than for the group of corpo- 
rations included in the National City 
Bank reports. 

The figures on the earnings of the 
large oil companies generally reflect 
the combined results of integrated op- 
erations in exploration, production. 
transportation, refining, and market- 
ing. The question may be raised 
whether profits on oil production are 
not unduly high even though profits 
on combined integrated operations 
are less than the average for corpora- 
tions in manufacturing and trade. The 
available evidence shows that even 
the most successful companies special- 
izing in oil and gas production alone 
earn only a slightly higher rate of re- 
turn than manufacturing corporations 
in spite of the much greater risks that 
they take. The reports of the National 
City Bank, for example, show that 
some 40 oil and gas producing com- 
panies, with a gross income indicat- 
ing that they account for about 8 per 
cent of the value of all oil and gas pro- 
duction, earned an average of 14.3 per 
cent on their net assets in the years 
1938-1949 compared with 12 per cent 
for manufacturing corporations and 
13.6 per cent for corporations engaged 
in trade (See Table 1.) This sample of 
producing companies is so small that 
it hardly affects the average for the in- 
dustry when combined with the large 
integrated companies. It must also be 
noted that the companies in the sample 
are the highly successful ones that 
have attained sufficient size to be in- 


cluded in this study of corporate 
earnings. The results would be less 
favorable for a typical sample of av- 
erage producers. Treasury Depart- 
ment figures for the year 1947, for 
example, show that 1416 out of 3607 
oil and gas producing companies re- 
ported losses in an aggregate amount 
of $46,000,000, compared with the 
net income of $264,000,000 reported 
by the successful firms. The earnings 
on net assets overstate the rate of 
earnings for petroleum producers be- 
cause some of these producers do not 
include intangible development costs 
as capital assets and none of them in- 
clude in assets the discovery value of 
producing properties. Finally, it may 
be noted that while the earnings of 
this small group of producers ap- 
peared high in 1948 (34.8 per cent on 
net assets), that exceptionally profit- 
able result for the best year in the his- 
tory of the industry was not much 
more than the 30.8 per cent reported 
for the automobile industry in 1949 
and the 30.2 per cent reported for 
cotton goods manufacturing in 1948 
in the National City Bank study. Such 
exceptional years must be considered 
in the light of the average earnings 
over a period of 10 years or more. 
Large oil companies have experi- 
enced a smaller net return on net as- 
sets than manufacturing corporations, 
and in addition have also paid out a 
smaller per cent of earnings as divi- 
dends than other corporations. Re- 
ports of the Department of Commerce 
show that in the 10-year period 1939- 
1948, large oil companies paid about 
38 per cent of their earnings as divi- 
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dends, whereas manufacturing cor- 
porations generally paid more than 
18 per cent. An important reason why 
oil companies have had to retain a 
large part of their reported earnings 
is the fact that accounting methods 
based on cost fail to give adequate 
consideration to the decline in value 
of productive properties due to deple- 
tion. Depletion charges based on cap- 
italized lease costs as customary in fi- 
nancial reports to stockholders are to- 
tally inadequate in case of oil produc- 
tion to permit replacement of the 
properties depleted, and must be sup- 
plemented by retaining part of the re- 
ported earnings to maintain the phy- 
sical reserves and equipment in order 
to stay in the business. 

The inadequacy of traditional ac- 
counting methods in relation to petro- 
leum production creates an erroneous 
impression as to income tax payments 
by oil companies compared with oth- 
er businesses. These methods result in 
overstating the real income properly 
subject to income taxes for two rea- 
sons. In the first place, they do not 
take into account that much of the re- 
ported income from production re- 
sults from the sale of a capital asset 
(oil) and is different from ordinary 
income. The return of the capital value 
of oil in the ground, measured by per- 
centage depletion, merely gives the 
producer a chance to maintain his real 
assets constant by replacing the oil 
produced. In the second place, the in- 
come shown in oil company financial 
reports generally fails to deduct the 
regularly recurring intangible devel- 


opment costs that must be made mere- 
ly to maintain productive capacity. 
The oil producing business, unlike 
manufacturing and trade, requires 
constant expenditures of money for 
exploration and drilling merely to 
stay even from one year to the next. 
Allowance for these facts, which are 
not properly recognized by traditional 
accounting methods, is provided for 
in income tax laws to place oil produc- 
ers on a comparable footing with oth- 
er investors. The rate of income tax 
payment on the reported income of oil 
producing companies necessarily must 
be less under these circumstances than 
for ordinary business to result in equal 
treatment with respect to real current 
income. 

The principle and rate of percent- 
age depletion is right according to 
the evidence of past and current op- 
erations not only for the industry as 
a whole, but also for all operators re- 
gardless of size. Small operators un- 
questionably need it, as amply dem- 
onstrated by evidence presented be- 
fore Congressional. committees this 
year and in earlier hearings on de- 
pletion. The same provision is equally 
necessary and fair for large compan- 
ies taking exactly similar risks. Size 
does not protect a company against 
any of the real risks in oil exploration 
and development. Large expenditures 
in exploration provide no guarantee 
as to the number or size of discov- 
eries, nor does the drilling of numer- 
ous wells provide any assurance that 
the value of the oil developed will 
equal or exceed the money risked. Al- 





The future world oil price pat- 
tern, as a result of the developing 
changes of supply and demand will 
be closer related to the U. S. price 
structures than it has in the past, 
Walter J. Levy, economic consult- 
ant, New York City, believes. In 
a paper, “The Past, Present, and 
Likely Future Price Structure for 
the International Oil Trade,” pre- 
sented before the Third World Pe- 
troleum Congress at The Hague, 
Levy concluded that the maximum 
and minimum price range that has 
already established itself for Mid- 
dle East crude oil is likely to con- 
tinue. He added, however, that 
upon conclusion of the Middle East 
pipe line capacity, quotations for 
Middle East crude oil are likely to 
be shifted from a Persian Gulf 
= to an Eastern Mediterranean 
aSIS. 


Middle East and European prod- 





World Oil Price Structure Is Changing 


uct prices are likely to establish 
themselves in accordance to local 
competitive conditions, independ- 
ent of U. S. Gulf prices, Levy pre- 
dicted. He added that Caribbean 
oil is likely to establish itself with- 
in a maximum and minimum range 
that would be related to the U. S. 
price level with actual prices with- 
in that range being determined by 
competition with Middle East Oil, 
and competition between the va- 
rious suppliers within the Carib- 
bean. Levy presents a price struc- 
ture in his paper, that would assure 
the world abundant supplies of oil 
at reasonable prices, and states that 
confusion and conflict will result 
during the period of transition 
from the old to the new supply pat- 
tern. A price structure closely re- 
sembling the one he has presented 
will ultimately be worked out. 
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though large companies drill «ly 
about 20 per cent of all dry holes, 
they drill the deeper, more expensive 
wells and carry on the bulk of the ¢eo. 
logical and geophysical operations, 
For example, a survey by the Mid. 
Continent Oil and Gas Association 
shows that the dry holes drilled by 
large companies are 80 per cent deep- 
er on the average than dry holes 
drilled by all other operators. This 
and other related pit na leads to 
the conclusion that on the whole, the 
money risked by large companies in 
the search for oil, according to the 
best indications available, represents 
about the same proportion of the to- 
tal risked as their net share of produc- 
tion. Therefore, the equal treatment 
with respect to depletion that Con- 
gress has provided for all operators 
regardless of size is in keeping with 
the facts and needs of the industry’s 
operations. It would be as absurd and 
unreasonable to have different deple- 
tion rates on the basis of size as it 
would be to have different deprecia- 
tion rates for identical manufacturing 
operations depending on the number 
of machines operated. 

The percentage depletion provision 
has worked admirably to protect the 
capital value of oil production so as 
to encourage operators to risk once 
again in the search for oil the capital 
recovered in the course of production. 
The provision has worked to encour- 
age all operators regardless of size. 
It has become a part of the economic 


‘structure of the industry and cannot 


be changed without serious influence 
on the entire cost-price relations in 
the petroleum industry. Any increase 
in taxes would result in either an off- 
setting increase in prices, to the detri- 
ment of consumers, or in less develop- 
ment of new resources to the disad- 
vantage of national security and fu- 
ture economic progress. 


Tax Provisions on Intangible 
Development Costs 

In connection with the proposal to 
reduce the rate of percentage deple- 
tion, it was also suggested to Congress 
early this year that depletion become 
applicable to a property only after its 
gross income equaled the intangible 
development costs. The argument ad- 
vanced in support of this suggestion 
was that the application of both per- 
centage depletion and the option to 
expense intangible development costs 
resulted in a double deduction. The 
basis of this argument is a Treasury 
regulation that if intangible develop- 
ment cost is capitalized it must be re- 
covered as depletion. There is no log- 
ical basis in fact for treating intan- 
gible costs as assets recoverable 
through depletion. Hence, it is 1m- 
perative to provide some reasonable 
basis, such as that included in the reg- 
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ulations since 1918, for the recovery 
of intangible development costs apart 
from depletion. 

The fallacy of the “double deduc- 
tion” argument and the soundness of 
the present tax policy in allowing 
both percentage depletion and the ex- 
pensing of intangible development 
costs becomes evident from a consid- 
eration of the economic bases of these 
provisions. 

In addition to the money risked in 
the search for oil, an operator must 
make substantial expenditures in de- 
veloping production if he is success- 
ful in finding it. These expenditures 
are of two kinds: (a) The intangible 
development costs of drilling a hole, 
and (b) the tangible development 
costs for casing, tubing, pumping 
equipment, and other items which 
have a salvage value if the well is 
abandoned. The investment in tan- 
gible equipment is recovered through 
depreciation over the anticipated life 
of the property, in the same manner 
that investments in tangible facilities 
in other businesses are recovered 
through depreciation. Intangible de- 
velopment costs, however, do not re- 
sult in any asset which can be sold or 
salvaged in itself. They constitute a 
current expenditure of money for 
“wages, fuel, repairs, hauling, sup- 
plies, etc., incident to and necessary 
for the drilling of wells and the prep- 
aration of wells for the production of 
oil and gas” as provided for by the 
regulations of the Treasury Depart- 
ment. The fact that such expenditures 
do not result in a tangible asset which 
could be sold or salvaged for any oth- 
er purpose sets them apart from and 
calls for a different method of treat- 
ment than the investment in tangible 
assets. 


Since 1918, the regulations appli- 
cable to the determination of income 
have granted the taxpayer the option 
to charge intangible development costs 
as an expense when incurred or to 
capitalize them for recovery over a 
period of time. The option to expense 
intangible development costs, rather 
than to capitalize and recover them as 
depreciation over a period of time, 
does not change the fact that the op- 
erator is allowed to deduct his expen- 
diture only once. The standard indus- 
try practice of charging intangible 
development costs as an expense and 
depreciating investments in tangible 
equipment was generally applied and 
fully recognized by the Bureau of In- 
ternal Revenue and Congress at the 
time percentage depletion was adopt- 
ed in 1926. These different provisions 
were allowed because, taken all to- 
gether, they were recognized as prop- 
er and necessary to protect against 
taxation as income the capital expen- 
ditures made in development as well 


as the capital value created through 
discovery. 

The Treasury Department has al- 
leged that the option to expense in- 
tangible development costs permits an 
operator to have a substantial income 
without paying much income taxes. 
It presented hypothetical illustrations 
of what it called “the method of avoid- 
ing tax liability,” implying that there 
is something wrong with the present 
system. The point at issue is really 
not tax avoidance, but whether an 
income tax law shall impose a levy on 
capital. After all, the expenditure of 
money. for intangible development 
costs merely changes the time of tax 
payment. Allowing all intangible de- 
velopment costs, even though they de- 
lay the date of income tax payments, 
is essential to avoiding a taxation of 
capital as income. If an operator’s ex- 
penses on intangible development 
costs are large in one year and act to 
reduce his income taxes, that simply 
means that he is developing proper- 
ties from which he will later have in- 
come subject to income taxes. Spend- 
ing money on intangible development 
clearly reduces the immediate income 
available to the operator. If an opera- 
tor had to pay income taxes on the 
money he spends on intangible devel- 
opment, frequently he would not have 
sufficient resources with which to car- 
ry on necessary development. 


The answer to the false argument 
that depletion and the option to ex- 
pense intangible development costs 
constitute a double deduction can be 
summarized by noting that these dis- 
tinct provisions for two separate pur- 
poses are both necessary to provide 
fair tax treatment, and that Congress 
adopted percentage depletion and de- 
termined the proper rate with the full 
knowledge that intangible develop- 
ment costs were allowed separately as 
an expense and would not be covered 
by the depletion provision. 


Conclusion 


This analysis has set forth the rea- 
sons for and the importance of the 
existing tax provisions relating to oil 
and gas production. It has shown that 
percentage depletion at the rate now 
allowed in the law is representative of 
the capital value created through the 
discovery of oil and that the protec- 
tion of such capital value is essential 
if operators are to continue to risk 
funds in replacing petroleum as it is 
produced. It has also shown that the 
option to expense intangible devel- 
opment costs is reasonable and should 
not be offset against percentage deple- 
tion which was consciously adopted 
by Congress for a different purpose. 
These provisions of the tax laws were 
adopted by Congress after careful 
study, and have been endorsed again 
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and again through the years in recog- 
nition of the peculiar nature of the pe- 
troleum producing business and the 
great importance of petroleum for na- 
tional security and economic prog- 
ress. 

It is clear that the investment of 
capital in productive machines is the 
basis of economic progress in this 
country. Those machines require 
enormous quantites of energy to make 
them useful. Petroleum is particularly 
important to the modern economy, for 
it is the basis of its low-cost transpor- 
tation and distribution system, as well 
as an important factor in the produc- 
tion of goods at factories. Liquid 
fuels are of the greatest significance 
to national defense, for the equipment 
of the modern military establishment 
depends exclusively on them for pow- 
er. In these circumstances, adequate 
supplies of petroleum assume an enor- 
mous importance to the public inter- 
est. Congress has recognized this im- 
portance and has taken steps to pro- 
tect operators in this hazardous indus- 
try against unfair taxation and to en- 
courage operators to continue to risk 
more and more capital in the search 
for and development of the increas- 
ing supplies needed for an expanding 
economy. It would be most harmful 
to the public interest to set forth now 
on a backward policy which would 
discourage the development of new oil 
resources. 


To protect itself against aggression 
and to make comparable progress in 
the second half of the twentieth cen- 
tury with its remarkable achieve- 
ments during the past fifty years, the 
United States must have an adequate 
supply of fuels. The present tax pro- 
visions are indispensable to the con- 
tinued adequacy of petroleum sup- 
plies for the future. It would be a mis- 
take to make experimental changes 
in reasonable provisions that have 
worked so well in the public interest. 
The damage of such experimentation 
could not be easily corrected even by 
returning to the present basis, for it 
is only the continuity of fair laws over 
a period of time which creates confi- 
dence on the part of the investor that 
he may count on reasonable treatment 
for the future. 


The price of a mistake in tax policy 
with respect to petroleum would be 
very high. In the absence of fair tax 
treatment and reasonable incentives, 
the petroleum industry of the United 
States will find less oil and gas and 
this country will have to develop much 
more expensive synthetic substitutes, 
paid for by consumers and taxpayers. 
Given a continuation of reasonable 
and fair tax provisions, the petroleum 
industry can be counted upon to do 
its part in providing ample supplies 
of fuel for the future. kkk 
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This clean-cut line-up of big, 
modern GMW’s is duplicated in 
all of the Cooper-Bessemer-pow- 
ered Transcontinental stations. Same units shown from compressor 
Shown here from the crank door side. Like the GMW in the foreground. 


side, each of these 10-cylinder each unit drives 3 compressor cyl- 
V-angle GMW’'s is rated 2500 inders, 


bhp. 


Compressors 


New York Washington, D. C. Bradford, Pa. Parkersburg, W. Va. 






San Francisco, Cal. Houston, Dallas, Greggton, Pampa and Odessa, Texas Seattle, Wash. 
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the 1,840-mile Transcontinental line 


——- the huge Transcontinental Line 

was still in the initial planning stage, 
news broke of a Cooper-Bessemer com- 
pressor engine development almost too 
good to be true. It was the now well-proved 
GMW—not only the most powerful, most 
compact “angle” compressor engine ever 
built, but utilizing fully the new Cooper- 
Bessemer high compression development, 
permitting fuel economies never before at- 
tained. 


Fish Engineering Corp., responsible for the 
design, engineering and construction of the 
line, was quick to see that GMW’s could 
save Transcontinental hundreds of thou- 
sands of dollars in installation, housing, 
cooling and piping costs and fuel con- 
sumption. 


Today, as indicated on the system map, 
Transcontinental has 43 GMW’s, totaling 
107,500 horsepower, divided between 9 of 
the line’s stations. These modern, depend- 
able units are more than living up to expec- 
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tations, just as they are on other important 
lines. 


If your plans call for compressor horse- 
power, be sure to check on the latest 
Cooper-Bessemer V-angle developments. 
These units, GMW’s, GMV’s and GMxX’s 
are built in a complete range from 220 to 
3000 bhp. 





In addition to the GMW compressors serving on the 
Transcontinental Line, 7 of the stations are each 
equipped with 3 Cooper-Bessemer JS-5, 375 hp gas 
engines driving generators for all electric power 
needs. 
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The Future Supply of Natural Gas’ 


The planning and projects of industry, economics, and even 


P 952. 





politics are influenced by the amount of natural gas we will 
find in the United States. This author is more optimistic 


T we American gas industry is having 
an unprecedented boom in the con- 


struction of natural gas pipe lines. - 


The existing lines to those large cities 
now being served with natural gas 
have been enlarged and are being fur- 
ther extended. Natural gas from Texas 
has reached Philadelphia and Staten 
Island, will soon reach all of New 
York City and vicinity, Buffalo and 
San Francisco, and there are pro- 
posals to bring natural gas to New 
England and to the Pacific North- 
west. Hence, it may be timely to again 
inquire into the future supply of nat- 
ural gas. 

The status of the nation’s known 
reserves of natural gas is reported an- 
nually by the American Gas Associa- 
tion Committee on Natural Gas Re- 
serves. The Chairman of that Com- 
mittee is N. C. McGowen, president 
of the United Gas Corporation and a 
a former president of this Associa- 
tion, and the committee is composed 
of some 60 engineers and geologists 
scattered throughout the country. 
Having worked with many of these 
men in times past, I am satisfied that 
their estimates are reliable and that 
they are rendering a most valuable 
and dependable service to the gas in- 
dustry. The committee’s last report 
showed estimated proved reserves of 
natural gas in the United States as 
of December 31, 1949, to be 180 tril- 
lion cubic feet, and net production 
for the year 1949 of 6.25 trillion cubic 
feet. It would seem at first glance that 
such reserves should be adequate for 
the nation’s requirements, but the 


6.25 trillion produced per year is be- . 


ing increased rapidly and will prob- 
ably reach 10 trillion before 1960, so 
that there may be some question as to 
whether the presently proved reserves 
of gas are sufficient to justify the 


}Presented before the annual convention, 
imerican Gas Association, Atlantic City, New 
Jersey, October 2, 1950. 

*Vice President, The Chase National Bank, 
New York, New York. 
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than most and here he tells why he thinks reserves are high 


LYON F. TERRY* 


newly proposed pipe lines. But the 
proved reserves need not be consid- 
ered alone, as a larger element of the 
future supply will be the yet undis- 
covered deposits. of natural gas to be 
found in the future in the search for 
oil as well as for gas. 


Oil and Gas Production 


The business of producing natural 
gas is a sister industry to, and in a 
sense a part of the petroleum indus- 
try. Most natural gas is produced by 
oil companies, while considerable oil 
is produced by gas companies. Pro- 
duction of natural gas in this country 
approximates 18 billion cubic feet per 
day compared with 5,900,000 bbl 
daily of crude oil. In terms of Btu’s, 
the production of natural gas is only 
50 per cent of the production of oil, 
but the proved reserves of natural gas 
amount to about 125 per cent of those 
of oil. The origin, occurrence, and 
search for oil and natural gas are 
closely related and the study of the 
future prospects of natural gas in- 
volves both of these natural resources. 

The original source material for 
the formation of oil and natural gas 
was apparently the marine life that 
once inhabited ancient seas and was 
buried in the sediments laid down in 
those waters. Layer upon layer of 
such sediments under increasing pres- 
sure has been consolidated in the 
course of millions of years into the 
present sedimentary rocks. Thus, de- 
posits of oil and natural gas are now 
found in the sedimentary formations 
of the earth in many different types 
of local folds, anticlines, salt domes, 
reefs, and traps situated in the sedi- 
mentary basins that once comprised 
ancient seas. The search for geologic 
structures that may contain such de- 
posits will continue as long as the 
prospect of finding additional re- 
serves will warrant the cost. Explora- 
tion is based upon geological studies 
aided by specialized techniques in- 









volving the use of the gravity meter, 
magnetometer, seismograph, and 
microchemical surveys of the under- 
ground from the surface, and studies 
of drilled areas through the logging 
of wells by coring and by electric and 
radioactivity measurements of the 
subsurface encountered in well holes, 
etc. The ultimate testing is accom- 
plished by drilling as only the drill 
can conclusively determine the pres- 
ence of oil or gas. Currently, some 
470 geophysical parties are operating 
in the search for oil and gas and more 
than 9000 wildcat tests were drilled 
in 1949 in this country outside of 
proved areas, in the hope of finding 
new deposits. This is the effort that 
the gas industry must depend upon 
to find the supply of natural gas for 
the future. And the gas industry may 
well benefit by examining the studies 
of some of the scientists of the petro- 
leum industry as to the prospects for 
finding additional supplies of oil. 


Ultimate Oil Production 


The subject of the ultimate supply 
of petroleum was discussed by Wal- 
lace Pratt? in. 1942 and 1944. Since 
then, additional territory has been ex- 
plored, deeper wells have been drilled, 
new evidence has been revealed, and 
the ultimate oil and gas resources of 
the country are believed to be more 
than could then be counted upon. One 
of Pratt’s colleagues was Lewis G. 
Weeks, now senior research geologist 
for the Standard Oil Company (New 
Jersey) and presently distinguished 
lecturer of the American Association 
of Petroleum Geologists, on “Sedi- 
mentary Basin Development.” For 
more than 10 years, Weeks has car- 
ried on extensive geologic studies of 
the deposits, reservoirs, and possible 
sources of oil throughout the world 
leading to estimates of the ultimate 
production of oil in the United States 





1Pratt, Wallace E., “Oil in Earth,” University 
of Kansas Press (1942). 
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Throughout the world, in the petroleum, 
chemical and allied industries, Petro- 
Chem Iso-Flow Furnaces are perform- 
ing in excess of their capacity and to the 
complete satisfaction of their operators. 


PETR(! = )CHEM 
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UNL IME Le a | es Sl SW CAPACITY. ..OUT® 


> PETRO-CHEM DEVELOPMENT CO. INC.,120 EAST 41ST STREET, NEW YORK 17, WY. 


REPRESENTATIVES - 
Bethlehem Supply, Tulsa and Houston - Flagg, Brackett & Durgin, Boston - D. D. Foster, Pittsburgh 
Faville-Levally, Chicago - Lester Oberholz, California - Gordon D. Hardin, Louisville, Kentucky 
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TABLE 1. Past production and discoveries of gas and oil. 





Total U.S. 
Produced to 
Proved reserves 1/1/50 
Discovered to 1/1/50 
* By A.G.A. Committee on Natural Gas Reserves. 
t By API Committee on Petroleum Reserves. 


Natural gas 
Trill. cuft 


Crude oil Ratio 
Bill. bbl Mef/bbl 
160 (Approx.) 38.9 4.1 
180* 24.6 7.3 
63.5 5.4 








and other countries published by him 
in 1948.2 A paper prepared by Weeks 
“Concerning Estimates of Potential 
Reserves” was published in the Oc- 
tober, 1950, Bulletin of the AAPG. 

The United States comprises an 
area of approximately 3,000,000 sq 
miles. Of this total, about 1,500,000 
sq miles, having a volume of 2,000.- 
000 cu miles, consist of sedimentary 
formations believed capable of having 
been source beds for the formation 
and accumulation of oil and natural 
gas. Oil and gas deposits of different 
origin, size, and character occur in 
various placements among the sedi- 
mentary basins of the earth. Weeks 
has given a great deal of thought to 
the development of yardsticks to be 
used in comparing or rating areas of 
potential production and to methods 
for estimating potential reserves. His 
methods are based upon the occur- 
rence of oil in relation to the geology 
of fields and potential fields in the 
sedimentary basins. He has compared 
the known fields in relation to sedi- 
mentary basins in which they are 
found, area by area, with the outlying 
basins that are considered searching 
ground for new fields throughout the 
world. 

From the extensive studies by 
Weeks, he has concluded that the 
crude oil reserves ultimately to be 
produced in continental United States, 
excluding tidelands, from formations 
down to 20,000 ft in depth should 
approximate 110 billion barrels. Total 
production had been 38.9 billion bar- 
rels to January 1, 1950, when 24.6 
billion barrels were estimated to be 
proved by the American Petroleum 
Institute Committee on Petroleum Re- 
serves. Based on these premises, 46.5 
billion barrels then remained as dis- 
coverable in the future. 

The quantities of natural gas that 
have been produced will never be 
known since large, unmeasured quan- 
tities were blown into the air and 
wasted in the early days. There are 
good records by the Bureau of Mines 


of the natural gas marketed in the. 


United States since 1905. So far as 
can be estimated, some 84. trillion 
cubic feet of natural gas. has been 
marketed, about 30 trillion lost and 
wasted in the natural gas industry. 
and an enormous but unknown quan- 
“Weeks, L. G., “Highlights on 1947 Develov- 
monts in Foreiyn Petroleum Fields,” Bull. 


Amer. Assn. Pet. Geol., Vol. 32, (1948), pp. 
1093-1160. 
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tity of gas in solution with oil had 
been wasted in the production of oil, 
so that total gas produced to 1950 has 
approximated 150 to 175. trillion 
cubic feet. Past production and dis- 
coveries of natural gas and oil are 
compared in Table 1. 


Potential Gas Reserves 


There are reasons for believing that, 
of the hydrocarbons to be discovered 
in the future, the ratio of gas to oil 
will be higher than has occurred to 
date. Some of the reasons are: 

1. The trend of drilling is to deep- 
er and deeper zones so that reservoir 
pressures of future discoveries may 
be expected to be greater than in the 
past. As gas is compressed somewhat 
in proportion to pressure, the quan- 
tity, by weight, of gas contained in a 
cubic foot of pore space is greater 
with increased depth. For oil, the re- 
verse is true, as after the oil cools upon 
reaching the surface and the solution 
gas is released, the volume of oil is 
less than it had been in the reservoir. 

2. Deposits of oil found at great 
depths and under correspondingly 
high pressures contain larger propor- 
tions of gas in solution than oil in 
shallow reservoirs. Of present proved 
reserves of natural gas, 15 per cent 
consists of gas in solution in oil and 
this ratio is likely to increase. 

3. A principal future hunting 
ground for natural gas will be the 
Gulf Coastal Plain and the tidelands 
offshore therefrom. It was found by 
Barton® and recently confirmed by 
Brooks‘ that the hydrocarbons en- 
countered in the Tertiary formations 
of the Gulf exhibit progressive change 
in composition with greater geologic 
age and depth, the older and deeper 
oils being of lighter specific gravity 


3Barton, Donald C., “Evolution of Gulf Coast 
Crude Oil,’”’ Bull. Amer. Assn. of Pet. Geol., 
Vol. 21, (1937) pp. 914-46. 

‘Brooks, Benjamin T., “‘Active-Surface Cata- 
lusts in Formation of Petroleum,” Bul!. Amer. 
Assn. Pet. Geol., Vol. 33, (1949), pp. 1600-12. 


and having larger percentage. of 
lighter constituents. Brooks, who ex- 
amined oils from 154 fields, shows this 
to have resulted from contact of the 
original heavy bitumens with the nat- 
ural catalysts of the retaining rocks 
through long geologic time under 
reservoir temperatures that are hizher 
with increasing depth. Hence, it is 
likely that the future discoveries in 
this area at greater depths will con- 
tain higher proportions of free gas, 
as the deeper the deposit, the hizher 
the reservoir temperature and the 
greater the possibility for more com- 
plete transformation of the original 
oil in place with resulting increased 
formation of gas. From whatever the 
cause, the fact is that recent drilling 
of exploratory wells has resulted in 
increasing proportions of gas _ wells 
to oil wells discovered. See Table 3. 
4. The ratio of 4.1 Mcf per barrel 
for gas to oil produced to date seems 
oddly low compared with 7.3 Mcf per 
barrel for presently known reserves. 
But in the old Appalachian fields 
where oil and gas have been produced 
for 90 years, wells were to shallow 
depths, gas in solution was relatively 
small and there were few purely gas 
producing fields. Hence, it is felt that 
the deeper drilling of the future will 
produce results nearer to the gas-oil 
ratio of the presently proved reserves. 


Weeks concludes from geological 
studies that the crude oil to be discov- 
ered in the future will be 46.5 billion 
barrels for the continental United 
States, exclusive of tidelands. For the 
reasons mentioned, it is felt that the 
ratio of gas to oil to be found in the 
future will be at least 6 Mcf per bar- 
rel and probably more. At 6 Mcf per 
barrel assumed as a minimum ratio, 
multiplied by Weeks’ 46.5 billion bar- 
rels, approximately 280 trillion cubic 
feet of gas are indicated to be discov- 
erable in the future from the conti- 
nental lands of the United States. 


Oil and gas have been found in 
great abundance in the near-shore 
plains and marshes along the Gulf 
Coast of Louisiana and Texas. Off 
shore, the sea bottom of the conti- 
nental shelf slopes very gently to sea- 
ward and along the Louisiana and 
southeastern Texas Coast the depth 
does not exceed 60 ft of water as far 








TABLE 2. Former estimates of proved oil reserves for U. S. 





Produced 
since est. 
to 12/31/49 


Former estimates of 
proved oil reserves 
Date ——-————-—-——_-— -— 


Estimated by 
API committee 
12/31/49 


New reserves 
found since 
former estimate 





By ———— en anes : : Ratio 


‘1/22 AAPG and USGS...... 
/1/38 API Res. Com.. 


33 .04 


24.65 10.5 


18.97 24.65 28. 1.8 


1 : 
1/1/25 API Com. of 11 ; 31.03 24.65 50.36 9.95 
1 ; 


Compare ratios: 


Crude oil 
Natural gas... . 


Proved reserves 12/31/49 Estimated future Ratio of future 
excluding tidelands discoveries to present est. 
24.6 bill. bbl 46.5 bill. bbl 1.9 
180 trill. cu ft 280 trill. cu ft 1.6 
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as 40 miles from shore. There are 
many oil and gas fields on the Mis- 
sissippi River delta overlying the con- 
tinental shelf and demonstrating the 
existence of oil and gas deposits in 
the shelf miles to seaward from the 
normal coastline. In the last three 
years, much drilling has occurred in 
these tidelands and to date 12 oil 
fields and 12 gas fields have been dis- 
covered off the Louisiana Coast, some 
as far as 28 miles from shore. And a 
rich deposit of natural gas has re- 
cently been discovered in the Eugene 
Island block, 20 miles offshore from 
the Louisiana Coast where 500 ft of 
very porous gas bearing rocks have 
been encountered at a depth of 11,000 
ft. The offshore wells, drilled from 
large steel derrick platforms built in 
the Gulf waters, are very expensive 
and, while numerous geologic struc- 
tures have been discovered and await 
testing, there remain many problems 
as to the size, thickness and depth of 
the deposits and depth of water that 
will warrant development. The thick- 
ness of the possible oil and gas con- 
taining strata is enormous—it being 
more than 25,000 ft to the bottom of 
Tertiary formations that are the oil 
and gas bearing beds of the coastal 
area. The area of the continental shelf 
along the Gulf Coast from the Rio 
Grande to Alabama and within 60-ft 
depth line approximates 16,000 sq 
miles. 

The potential gas reserve in these 
tidelands is of a very large order of 
magnitude, a quantity that cannot yet 
be approximated. But judging by the 
known reserves developed to date per 
100 sq miles in the same geologic 
strata in the adjacent in-shore lands 
and the probable future potential 
thereof, the evidence from wells com- 
pleted to date in the tidelands and the 
number of structures already found 
offshore, it is felt by the writer that 
the natural gas ultimately to be pro- 
duced from the Gulf tidelands will 


exceed 50 trillion cubic feet. 


From the foregoing reasoning, the 
minimum quantity of future supply 
that can be reasonably forecast may 
be summarized as: 




















United States Trill. cu ft 
Present proved reserves............... 180 
Future discoveries: Lands... . . ae 280 
Tidelands.......... 50 
Total future supply............... 510 








Former Estimates of Reserves 


The reasonableness of the above 
orecast may be tested by reviewing 
the subsequent history of prior esti- 
mates of proved reserves. In 1921, fol- 
lowing a wave of alarm over the ap- 
parently dwindling supply of oil, a 
committee of the AAPG, working 
jointly with the United States Geologi- 
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TABLE 3. Projection of the trend of discoveries. 





New reserves found? 








No. of gas Average Oil Gas 
wells to bor er of billion bbl trillion cuft 
oil wells! 2, wildcats'?, Wildcats eS 
Year ratio feet drilled’ per year total per year total 
ACTUAL 
1938 PE ES ss .255 4,138 2,638 3.05 — . — 
1939 aia p hie se aes 217 4,065 2,702 2.40 — on 
1940 as. aiden 212 3,858 3,038 1.89 — — 
1941 2 ES Seen .209 4,070 3,264 1.97 — — 
1942 ; 1 ae 200 4,388 3,212 1.89 — —_ 
1943 aT Ae 348 4,112 2,843 1.48 — — 
1944.... i es .332 4,642 4,796 2.07 _ — 
1945 Suse 446 4,532 5,613 2.11 _ — 
ia RS REE AR .492 4,650 5,752 2.66 _ 17.7 — 
1947 ey 405 4,475 6,775 2.46 — 11.0 — 
1948 . ks et aeee .332 4,907 8,013 3.80 -- 13.9 — 
1949 mae .302 4,568 9,058 3.19 — 12.7 — 
Fe I ONE oak oo diciiiec kde ns tnk cede ws eeins 2.35 
PEON 5 foc Forte sob bt, be sided a auricle asenlica three 3.15 12.5 
ESTIMATED (U‘S., excl. tideland) 

ee PE ETS ee ee 2.00 20.0 11.0 110 
Ee, Pr re DI = ae bind Rel cls Se Pe 1.30 13.0 7.5 75 
eal eee eer ree Eee See cs Aen 75 7.5 5.0 50 
OR Ca nr reer Pie eee ere tee ee .40 4.0 3.0 30 
Ry MI kg 2s 84S isan ne eBid Saale wh. a) ee ee 20 2.0 1.5 15 
NINN Beg dy 5 cia dis a dad aeeaias vb hSslad ack eRe ars — 46.5 - 280 


! Of successful wildcats completed. 


> Figures through 1949 by Reserve Committees of API and AGA. 


? 3 Lahee, F. H 





., Bull. Amer. Assn. Pet. Geol. Vol. 34, (1950), pp. 995-1013. 





cal Survey, found 5 billion barrels of 
known oil reserves as of January 1, 
1922. As indicated in Table 2, there 
have been 52 billion barrels of new 
oil reserves found since that time, a 
ratio of more than 10 of new oil 
found to the old estimate. The Ameri- 
can Petroleum Institute created a fa- 
mous Committee of Eleven in 1925 to 
study the problem and its findings 
were similarly small as judged by 
hindsight. Later the American Petro- 
leum Institute organized its present 
Committee on Petroleum Reserves. 
The Committee’s second annual re- 
port issued as of December 31, 1937, 
showed 15.5 billion barrels of known 
oil, since which time 28 billion bar- 
rels of new reserves have been found 

-a ratio of new oil to the old esti- 
mate of 1.8. Weeks’ present estimate 
of reserves of oil to be discovered in 
the future of 46.5 billion barrels com- 
pared with the presently known re- 
serves of 24.65 billion barrels is 
equivalent to a ratio of 1.9, which, in 
view of the experience following the 
1987 estimate, seems reasonable 
enough. 

The present AGA Committee on 
Natural Gas Reserves made its first 
report as of December 31, 1946, and 
former estimates by various organi- 
zations may not be comparable with 
those of the committee. There is a 
comparable estimate of the reserves 
of the Appalachian district, however, 
made by E. E. Roth as of December 
31, 1934. Roth was then and is now 
chief geologist for the Columbia Gas 
System and its predecessor and since 
the organization of the AGA Commit- 
tee he has been chairman of its sub- 
committee for the Appalachian is- 
trict. His 1934 estimate (adjusted to 
include solution gas) was 6140 bil- 
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lion cubic feet. Since 1934 production 
for the district has been 5940 billion 
and the AGA Committee reports 4410 
billion cubic feet of reserves as of 
December 31, 1949, indicating 4210 
billion cubic feet of new gas found in 
the interim. Oil was discovered in the 
United States at Titusville, Pennsyl- 
vania, in 1859, so that by 1934 the 
Appalachian district had been produc- 
ing for 75 years and it might have 
been thought that the search for oil 
and gas in that area had been practi- 
cally completed. Even so, new re- 
serves have subsequently been discov- 
ered in the area equivalent to 69 per 
cent of those known in 1934. Al- 
though the Appalachian fields have 
now been producing for 90 years, a 
number of large gas wells have been 
discovered this year in Clinton Coun- 
ty, Pennsylvania, within 90 miles of 
the 1859 discovery, and total produc- 
tion of the Appalachian district to- 
day is still 77 per cent of the all-time 
high induced by the war demand in 
1917. Over half of the known reserves 
of. the United States as a whole have 
been found in the last 10 or 15 years. 

The reasonableness of the forego- 
ing estimates of future discoveries 
may also be tested by the projection 
of the trend of recent discoveries 
shown in Table 3. 

The estimated futures in Table 3 
follow patterns purposely designed to 
produce total future discoveries 
equivalent to Weeks’ estimate for oil 
and that made hereinbefore for nat- 
ural gas. Considering the long expe- 
rience of growth of the oil industry, 
and the rate of new oil found in the 
last 12 years, it is felt that the decline 
in new oil to be found, as forecast by 
decades in Table 2, is reasonably 
rapid and that by this test Weeks’ 





estimate of ultimate oil production 


‘seems quite conservative. Weeks }:!in- 


self feels that it is more likely ‘hat 
actual future production will «lti- 
mately exceed his estimates subsian- 
tially than that it will be less. The 
pattern of discovery prejected for nat- 
ural gas also seems quite possible, 
and from this approach our estiiiate 
appears conservative—doubly so in 
view of its being based upon Weeks’ 
id conservative estimate of fuiure 
oil. 

The writer discussed this problem 
of future supply in 1944° then ven- 
turing to estimate a future production 
of 300 trillion cubic feet or more. At 
that time, the highest estimate of 
proved gas reserves was 110 trillion 
cubic feet and production was about 
4 trillion cubic feet per year. Since 
then, new pipe lines have been built, 
production has risen to 6.25 trillion 
cubic feet for 1949, new fields have 
been discovered and old fields en- 
larged, and great strides have heen 
made in offshore drilling. Since 1944, 
too, the comprehensive system of esti- 
mating the nation’s gas reserves in- 
augurated by the AGA Committee has 
revealed a higher level of proved re- 
serves than formerly known. Thus, in 
the light of new evidence the 1944 
estimate of future supply appears to 
have been entirely too conservative. 


Conclusion 


The proved reserves of natural gas 
are estimated with reasonable preci- 
sion by the AGA Committee. But the 
total future supply, including the re- 
serves yet to be discovered, cannot be 
accurately determined. If it can be 
shown, however, that the future sup- 
ply will be not less than some mini- 
mum figure, such reckoning may be 
useful as a guide to management, con- 
sumers, and investors. More complete 
indications of the ultimate quantity 
of gas to be recoverable will be re- 
vealed in due time and provide a 
basis for revising any estimate made 
today. But from the present evidence. 
as reviewed above, it is my judgment 
that the future recoverable natural 
gas in this country will exceed 500 
trillion cubic feet. 
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Studies and Experiments With Paraffin Prevention 
and Removal in Wells in Southeastern Ohiot 


Tue term paraffin is given to the waxy 
residues from crude oils that are de- 
posited in the tubing, casing, and on 
the walls of the producing oil and gas 
well bores. These paraffin accumula- 
tions have been a problem to oil op- 
erators since the early days of the oil 
industry. 

There has been much research done 
on this problem, both preventive and 
alleviative measures; some quite suc- 
cessful and others failing entirely in 
their purpose. 

Each oil field has its own peculiar 
characteristics and conditions, and 
similarly, individual wells, even ad- 
joining each other, often have very 
different operating conditions. Hence 
a “paraffin treatment” that might work 
on one well or local area, may be en- 
tirely unsuccessful in another well or 


field. 


Physical Nature of Paraffin 


Briefly, the crystalline behavior and 
chemical composition of paraffin will 
be discussed. Some say that there are 
both crystalline and amorphous (non- 
crystalline) waxes found in paraffin, 
while others believe that the waxes 
found in paraffin are all crystalline: 
the crystalline development of some 
waxes having merely been retarded 
and altered by the crystallizing me- 
dium of oil and possibly by the pres- 
ence of colloidal material. 


The number of different compounds 
and types of waxes found in paraffin 
are dependent upon the character of 
the crude oil. These include crude oil, 
water, gums and resins, asphaltenes, 
sand, and silt. 


It has been found that oil is mostly 
mechanically held in paraffin—that is, 
trapped between the wax grains. There 
is some oil actually in solution or ab- 
sorbed by wax crystals, but the amount 
is small. The same is true for any type 
of water present in the paraffin. 


A large amount of oil in paraffin 
tends to make it soft, semi-fluid, and 
more readily affected by heat, regard- 
less of the melting point of the wax 
present. This is true because the oil 
dissolves and softens part of the wax 
when the temperature is increased. If 
very little oil is present in the paraf- 
fin, the paraffin is hard and less plas- 
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tic; and an increase in temperature 
does not have much effect on plastic- 
ity until it approaches the melting 
point of the solid waxes present. 

The gums and resins are normally 
reddish-brown unsaturated com- 
pounds in solution in the crude oil. 
Their presence in paraffin waxes is 
probably due partly to their absorp- 
tion by the wax as it crystallizes from 
the solution, and also the result of de- 
creased crude oil solubility due to 
temperature change and loss of light- 
er fractions. The gums and resins nor- 
mally comprise about 10 to 15 per 
cent of paraffin.’ 

The asphaltene content in paraffin 
waxes is normally very small. 

The melting points of paraffin waxes 
vary from 0 deg to approximately 200 
F. The crystalline waxes have melting 
points up to 150 F, and the amorphous 
or possibly retarded crystalline devel- 
oped waxes melt at 150 to 200 F. 
These paraffins dissolve each other to 
some extent and in a large volume of 
the base oil will dissolve and liquefy 
at about 130 F. The crude wax depos- 
ited in the well is composed chiefly of 
the higher melting waxes, and the 
amount of waxes of lower melting 
points and molecular weights present 
in wax depends on the extent to which 
the oil was cooled or evaporated while 
deposition took place.” 

The paraffins found in wells in the 
same field will vary considerably in 
the amount of different melting point 
fractions of wax as the conditions 
causing their deposition vary with 
each individual well. 


Causes of Paraffin Deposition 
and Accumulation 


The mere fact that paraffin forms 
wax crystals and separates from solu- 
tion in the oil is not sufficient in it- 
self to cause the accumulation of par- 
afin. In a great many wells paraffin 
separates from solution in the oil and 
flows or is pumped with the oil out 
of the well, never accumulating in the 
tubing or on the sand face. 

The separated material was origi- 
nally in solution in the oil, but cer- 
tain conditions upset this equilibrium. 
so that the oil could no longer hold 
these waxes in solution; hence separa- 
tion and possibly deposition occurred. 

There have been many reasons and 
theories advanced for the separation 
and following deposition of paraffin 
from crude in oil wells. Those that fol- 





low seem most plausible to the author: 

(1) Temperature seems to be the 
most important single factor 
involved, since the amount of 
paraffin an oil can hold is de- 
pendent upon the temperature 
up to saturation. 

(2) Losses of the lighter fractions 
of the crude oil. 

(3) Transfer of heat from the 
crude oil to the pipe and sub- 
sequently to the adjoining for- 
mations. 

(4) Alternate draining and coating 
of the sand and tubing. 

(5) Presence of foreign particles 
to provide nuclei for paraffin 
formation. 

As the temperature is lowered in 
the crude its ability to hold paraffin is 
decreased. The greatest pressure drop, 
whether in a new or old well, occurs 
at the well bore. Hence the pressure 
drop is accompanied by a temperature 
drop, its degree dependent upon the 
amount of gas present in the reservoir 
that has an opportunity to expand. An 
expanding gas that is doing work in 
pushing the oil to the well bore will 
cause a decrease in temperature. The 
pore spaces of the sand at the well 
bore act as orifices and appreciable 
cooling at the face of the sand may oc- 
cur when a high differential pressure 
between the formation and well bore 
exists. Here the thermal energy of the 
gas is consumed in increasing the ve- 
locity or density of the gas or both. 
If the temperature drop is sufficient, 
the separation of paraffin will occur at 
the sand face. 

Low temperature points in the tub- 
ing may occur where the pressure of 
the expanding gas becomes greater 
than the partial hydrostatic pressure 
in the tubing or casing, and the gas 
breaks through the oil causing cool- 
ing at that point. This often happens 
when the gas-oil ratio is increasing 
and refers to flowing wells, not to 
settled pumpers. 

In natural flowing wells and gas-lift 
wells the evaporation of the light, 
more volatile fractions reduces the 
amount of wax an oil can hold at a 
definite temperature. Here conditions 
are continually taking place to reach 
an equilibrium point where the par- 
tial pressure of the liquid constituents 
will equal the vapor pressure. The loss 
of these lighter fractions results in the 
reduction in the volume of oil with 
no appreciable loss in paraffin content. 
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or more petroleum re preirs with a single well bore.” 


You can s-t-r-e-t- c- -h your supply of tubing and casing to the maximum by 
using.the Baker Retainer F rodu uction | Packer, Product No. 415-D, with its efficient, adapt- 


es Keres 


able “Accessory Equipment or.“ 1 al completions” that are permanent, economical, and 


permit practically any futufe down-hole operations. 


Dual completions of the past quite phen utilized steel body type packers which 
were not too well suited to certain ir stallations, were subject to corrosion and 
attack by deleterious well fluids: and were difficult to mill out in case of emer- 
gency, or when subsequent operations necessitated their removal. 


When planning a dual completion today, a good starting point is to think 
of the Baker Retainer Production Packer which eliminates the above objec- 
tionable features. 


All major parts of this packer are made of gray cast iron which is far more 
resistant to corrosion and embrittlement than steel—and yet can be drilled 
up readily (not milled) when desired. The oil-resistant, temperature-resistant 
packing element is held in position by lead sealing rings, and provides a leak- 
proof seal which prevents movement of fluid or gas either up or down the hole. 
Two sets of opposing slips hold the packer assembly at setting point regard- 
less of differential pressures, set-down weight, tubing expansion or contraction. 

The Baker Retainer Production Packer is truly revolutionary because, when 
set, it virtually becomes a part of the casing, leaving the tubing string free for 
running in or for removal from the well, meanwhile maintaining complete iso- 
lation of the producing zones. 

The Baker Retainer Production Packer can be set safely and accurately on 
tubing or drill pipe, but to save wear and tear on precious tubular goods, we 
recommend setting on an electrical conductor cable by one of the leading wire 
line service organizations. After reviewing the two dual completion installations 
on the opposite page, we suggest that you contact the nearest Baker representa- 
tive for helpful, profitable recommendations. —Then, by selecting the required 
Baker Packer Accessory Equipment, your specific “dual zone” or single-zone 
production requirements will be readily met. 


BAKER OIL TOOLS, INC. HOUSTON ¢ LOS ANGELES « NEW YORK 


WIRE LINE SERVICE AVAILABLE FROM... 


Byron Jackson Co. ¢ Dowell,Inc. ¢ International Cementers, Inc. 
Lane-Wells Company « McCullough Tool Co. «+ Perforating Guns 
Atlas Corp. * Schlumberger Well Surveying Corp. -+¢ Welex Jet 
Services, Inc. ¢ Well Perforators, Inc. °¢ The Western Company 
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The solubility of the paraffin is also 
decreased as paraffin waxes are more 
soluble in the lighter fractions of 
crude oil.® 

Apparently the rate of cooling has 
little effect on the size of the particles 
formed. If the oil is agitated or if it 
is not cooled sufficiently to throw out 
enough wax to become solid, the small 
wax crystals agglomerate into par- 
ticles or grains about the size of table 
salt. They later coagulate to form larg- 
er grains.* 

For old wells that are pumped at 
regular intervals, the deposition and 
accumulation of paraffin is often due 
to cooling caused by the radiation of 
heat from the oil to the surrounding 
formation, If the oil is moving very 
slowly or stands in the tubing for a 
period of time, it will slowly approach 
the temperature of the surrounding 
formations. This temperature may be 
low enough for paraffin to come out 
of solution in the oil. 

The intermittent coating and drain- 
ing of the tubing is one of the most 
important causes of paraffin accumu- 
lation. In “head-wells” there is a con- 
stant coating and draining of the pipe 
surface. The oil in such wells is being 
lifted and dropped alternately until 
enough is accumulated to unload and 
flow. This leaves a film of oil on the 
tubing and an adhesive surface for the 
parafin particles to accumulate upon. 
This slowly builds up as the oil leaves 
more paraffin until the tubing may be- 
come completely clogged. This same 
case is true with an old settled pump- 
er, although it may take a longer pe- 
riod to build up the accumulation. 

A well that needs only agitating by 
the sucker rods, similar to a “head- 
well,” for it to unload the tubing for 
a thousand feet or more, often causes 
much trouble. 


Aerated flow, where the oil is brok- 
en up into a mist by the gas, some- 
times causes an oil film to accumulate 
on the pipe. If this flow is not thick 
enough to hold the wax particles in 
suspension, the particles will come in 
contact with the pipe and attach to it 
due to their soft gummy nature. 


In viewing the general methods used 
throughout the United States with the 
idea of their possible application and 
use in Ohio, the marginal basis upon 
which the Ohio industry operates must 
be kept in mind. Ohio produced 3.- 
485,000 bbl of oil in 1949 as com- 
pared to 3,906,000 bbl in 1948 from 
20,000 wells. There are many magi- 
nal producing wells in Ohio that are 
pumped once or twice a week and 
make 5 to 10 bbl a month. The aver- 
age producing well in Ohio made 
about .4 bbl a day in 1949 as com- 
pared to the United States average of 
12 bb! a day.® 


With these facts in mind it can 
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readily be seen that a great many of 
the methods used in other areas of the 
country, where there is greater pro- 
duction, would not be economically 
feasible in this state. 

Many pumpers and some operators 
are of the opinion that the wire line 
tends to help keep the tubing clear of 
paraffin due to its flexibility in pump- 
ing. It is the author’s opinion that the 
wire line does very little good in this 
respect as there is a very small area 
for the line to slap in and the fluid 
in the hole has a damping effect on the 
line. As most wire line pump barrels 
use cups that must be replaced at va- 
rious intervals, however, the pump 
cups act as a swab in cleaning the tub- 
ing of paraffin as the pump is pulled. 
In many cases this is sufficient to take 
care of the paraffin condition in older 
wells where the trouble is not severe. 

Most operators are agreed that par- 
afin troubles are worse in the early 
life of oil and gas wells when the rock 
pressure is still high. This is probably 
due to the cooling caused by gas ex- 
pansion at the sand face. In wells that 
begin to make some salt water, or 
make salt water at their inception, in 
most instances the paraffin trouble is 
alleviated a great deal or ceases to 
exist. This may be due to several rea- 
sons such as an increased velocity and 
volume of flow and/or the fact that 
the specific heat of water is about 50 
per cent higher than that of oil, help- 
ing to keep the temperature up. Par- 
afin is generally found in the upper 
2000 ft of tubing in the wells in Ohio. 

Generally speaking, most operators 
use some method to keep the sand 
covered with fluid at all times. The 
two most common methods are the use 
of flood nipples, and merely hanging 
the tubing high enough so the well 
cannot be pumped down. By keeping 
the sand face covered it is believed 


that the solvent action of the oil keeps‘ 


paraflin from plugging the sand pores. 
There is good indication that those 
operators who do not keep the fluid 
level up to the top of the sand do have 
more trouble with paraffin at the sand 
face. The indication is that when par- 
affin first visibly appears, it is accom- 
panied by a loss in production far 
greater than the normal decline. 


It is the author’s opinion, after 
studying decline curves and the re- 
sulting large increase in production 
after application of bottom hole heat- 
ing, that paraffin and possibly asphalt- 
ic material do clog the pores on the 
sand face, even when the sand face 
is covered with oil. In the latter case. 
however, it occurs a great deal slower 
due to the solvent action of the oil. 


Many mechanical methods such as 
the paraffin knife, paraffin hook, cork- 
screw, “porcupine,” swab, etc., have 
been or are being used in Ohio, From 





iaiking with operators, however, it 
appears that the use of mechanical 
tools, in general, is on the down grade. 
The more progressive operators be- 
lieve that you have let the paraffin sit- 
uation go too far when the need for 
mechanical tools arises. If the tubing 
is completely plugged, any one of 
these methods is usually a very slow 
process. Many operators wait to ap- 
ply mechanical or other paraffin con- 
trol methods until such time as the 
pump barrel and sinkers will not go 
to bottom after they have been pulled. 
The first step they normally follow 
when this occurs is to add more weight 
in the form of sinkers. If this does not 
work some mechanical method is oft- 
en applied, such as a paraffin hook or 
knife to cut the accumulation out of 
the tubing. 


Heat Application Methods 


Some operators have burners under 
their oil tanks to heat their oil and 
put it back in the well. The normal 
procedure is to put the hot oil down 
the casing and shut the well in. This 
tends to warm the oil in the shot hole. 
One operator has used this method 
stating that he heats the oil to a tem- 
perature of about 90 F. It is the opin- 
ion of the author after observation 
and the running of experiments on the 
melting points of the various forma- 
tion paraffins, that 90 F would be a 
very low temperature to accomplish 
much, particularly in view of the fact 
that this is about the temperature at 
the bottom of a 3000-ft well. 

The use of steam in wells is prac- 
tically non-existent due to the in- 
creased depth of wells and the fact 
that boilers are not readily available 
on leases today. Steam, however, is 
often used to clean out bad paraffin 
accumulations in tubing after the tub- 
ing has been pulled. Several supply 
companies in southeastern Ohio are 
equipped to handle the steaming op- 
eration, but this is costly as it not 
only involves the steaming operation 
itself, but also labor and haulage of 
the tubing. One operator has a small 
boiler that he carries on wheels be- 
hind a truck to the well location and 
steams the tubing there. 


In many instances when paraffin has 
badly clogged the tubing and steam is 
not available, the tubing is pulled and 
laid on racks with one end slightly 
higher than the other. Gas is piped 
frum the casinghead and a fire started 
under the tubing. Tubing can be eas- 
ily ruined, however, if care is not used 
in applying this method. 

The Dunn, Chalfant, and Mosser 
heaters find very little use in Ohio for 
the removal of paraffin due to the cost 
of application and the equipment nec- 
essary. The Dunn heaters have been 
used sporadically around Marietta 
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since their origin in 1939, and have 
been primarily limited to their usage 
to that local area. The two former 
types are resistance-type heaters while 
the latter is an open flame type heater. 


Heat-Forming Chemicals 


Nearly every operator talked with 
had used a heat-forming chemical at 
some time, usually in the form of cal- 
cium carbide. Generally speaking, 
while some success has been obtained 
from these methods, they have not giv- 
en satisfying results and are used very 
little in southeastern Ohio. Operators 
have voiced several further objections 
to them, one being that as a result of 
their heating action, a small residue 
in the form of cinders is left in the 
well. This residue is damaging to the 
pump and cups. Also, in the case of 
‘alcium carbide, hazardous acetylene 
gas is formed. 

Another reason it is not generally 
practical to use heat-forming chemi- 
cals to remove paraffin from the cas- 
ing and tubing is that it is difficult to 
make the reaction take place in the 
tubing or casing and to melt the par- 
affin. If the reaction takes place in the 
bottom of the hole, for the purpose of 
melting paraffin deposits in the tubing 
or casing, most of the heat will be dis- 
sipated before it reaches the paraffin 
deposits in the oil string unless a very 
large quantity of chemicals is used. 

One type of heat-forming chemical 
compound used in the Appalachian 
area is herein described. About 80 to 
100 lb of dry chemicals are put down 
the annular space between the tubing 
and casing, followed by a quantity of 
water, the quantity depending upon 
the thickness of the oil sand and the 
amount of fluid in the hole. The chem- 
ical reaction between the water and 
chemical starts immediately, produc- 
ing a heat that is maintained for some 
time to temperatures of approximately 
120 F. Pumping is begun after about 
3 hours of the chemical action and 
while the fluids are still hot. Treat- 
ment of the well by this method in- 
volves very little labor since the rods 
and tubing do not need pulling. This 
chemical compound is non-injurious 
to personnel and non-corrosive. 


Solvents 


Many solvents find use in Ohio. The 
“natural” solvents used are mostly 
crude derivatives such as naphtha, 
benzine, and casinghead gasoline. 
They are used either alone or in com- 
bination with commercial paraffin sol- 
vents. 

There are five or more commercial 
parafin solvents in general use in 
southeastern Ohio. 

The schedule of application and the 
amount of solvent used is dependent 
entirely upon the condition of the well, 
and no set formula or statement can 
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be made. The following examples will 
give some idea of what is done by op- 
erators in Ohio as to schedule and 
amount of solvent used. 

One operator cuts 5 gal of solvent 
with an equal amount of gasoline and 
puts it down the tubing. The well is 
shut in and allowed to stand for about 
a day. The spent solvent, paraffin, and 
accumulated oil are then pumped out 
of the well. A “follow-up” application, 
using the same proportions of solvent, 
then occurs. This procedure takes 
place every 3 months on wellsthat have 
parafhn troubles. 

Another operator puts 5 gal of sol- 
vent down the tubing, shuts the well 
in over the week-end, and pumps it 
out on Monday. This procedure is fol- 
lowed once a month. 

Another operator uses one-half gal- 
lon of solvent cut with 5 gal of fresh 
oil, making this application once a 
week. 

Fig. I shows a sketch of a re-circu- 
lation set-up. This is a fairly recent 
development and has been used by 
very few operators, but good results 
have been obtained. 

Stripping jobs are quite the excep- 
tion rather than the rule; however, 
they do occur occasionally. This is a 
situation where the paraffin is allowed 
to accumulate around the pump and 
rods in the tubing to such an extent 
that the pump is frozen in the tubing 
and cannot be pulled out. It is the 
opinion of the author that this occur- 
rence is unnecessary, and caused in 
most cases by negligence or the lack 
of an adequate working force to look 
after the wells. The only time it could 
possibly be excusable, would be in 
the early life of the well, when the well 
characteristics are not yet well known 
or established. It is something, how- 
ever, that does occur and must be 
reckoned with. 


Salt 


At first impression there appears 
to be little if any relationship between 
the accumulation of paraffin and the 
formation of salt in oil wells. If salt 
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crystals accumulate in the tubiny due 
either to casing leaks or formation 
water, a rough surface is formed upon 
which parafiin will more readily ad. 
here, or vice versa. The accumulation 
of salt and paraffin where bot! are 
present is probably a simultaneous de. 
position in the tubing. This idea has 
been borne out by the results in sey. 
eral wells where the well has been 
washed with fresh water and paraffin 
has been pumped from the well after 
treatment. The fresh water probably 
dissolved the salt and the paraffin ac- 
cumulation thereby loosened. 

In one well where the tubing was 
clogged, a 134-in. sand pump was run 
in 2-in. tubing, and a combination 
salt-parafin mass was recovered in 


the pump. 

fa it may be advisable if it is 
known that both paraffin and salt are 
present in the same well to first wash 
the well down with fresh water and 
watch it closely after treatment to see 
if it may loosen the paraffin, besides 
dissolving the salt. 


Asphaltic Material 


Most paraffin coming from wells is 
of a brownish color. It may be that 
the asphaltic particles present in the 
well stream, in which paraffin solid- 
ification is taking place due to its de- 
creased solubility, could contribute 
to the precipitation of the paraffin it- 
self by forming nuclei upon which 
crystallization builds. 

It has been very difficult to give an 
explanation for the fact that one well 
will “paraffin up” more than another 
when both are operating under rela- 
tively identical conditions and com- 
ing from the same reservoir. The the- 
ory has been advanced that the as- 
phaltic constituents may differ from 
well to well therein making different 
seed conditions for the crystallization 
process. This has not been proved, 
however. 

The appearance of aphaltic deposits 
(bitumens) in oil wells and separa- 
tors was first attributed to solubility 
effects, but later was shown to be re- 


FIG. 1. Schematic Layout of Equipment 


for Recirculation of Solvent. 
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lated to electrokinetic effects.‘ The na- 
ture of asphaltic substances is not very 
well known, but they may be respon- 
sible for decreases in production in 
time. Work is now being conducted 
on this problem. 


Carbonates 


It has often been the case, as with 
salt, that where carbonate scale is 
present in wells there is also an ex- 
cess of paraflin present. The combined 
accumulation quickly clogs the sand 
and tubing. 

The carbonate scale may be treated 
by using dilute hydrochloric acid. This 
treatment may in turn loosen a lot of 
paraffin. It is suggested that this treat- 
ment be followed by some paraffin 
solvent to insure removal of the par- 


affin. 


Depth-Temperature Relationships 


In talking with various operators, 
an attempt was made to obtain bot- 
tom-hole temperature information on 
the Clinton and Medina sands. It was 
found that very few bottom-hole tem- 
peratures have ever been run in this 
area, One operator stated that the 
bottom-hole temperature of the Clin- 
ton ran from about 90 to 100 F in the 
few tests made. Another operator re- 
ported a Trenton well that had a bot- 
tom-hole temperature of 140 F at 
6000 ft. 

In reviewing the literature, it was 
found that few temperature surveys 
have been run in the whole Appalach- 
ian area. Fig. 2 shows an average 
depth-temperature relationship in Al- 
leghany County, New York, and Mc- 
Kean, Tioga, and Venango counties. 
Pennsylvania. 

Fig. 2 (8) also shows the results 
of depth-temperature observations in 
wells in 10 fields in West Virginia. 
The dashed curve shows the average 
relationship between depth and tem- 
perature measurements made in 5 
wells in Cabin Creek, West Virginia. 

Hence, it car? be seen from these 
two figures that at a depth of 3000 
ft, the temperature is about 90 F in 
West Virginia, and about 87 F in New 
York, 

It is not to be implied that these 
curves can be used to obtain subsur- 
face temperatures in Ohio. The curves 
do give a general regional relation- 
ship, however, that may be applied 
with discrimination to this area, in 
view of the general lack of available 
information. 

The Clinton sandstone, producing 
oil in Ohio, runs in depth from about 
2600 to 4500 ft. The Maxton “300” 
sand runs about 750 ft around Mari- 
etta, Ohio. where the paraffin sample 
was taken. 

_ With all of the above information 
in mind, a series of experiments was 
run to obtain the various melting 
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FIG. 2. (After Tignor.) 
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Depth-temperature relationships observed in 
oil and gas wells in Allegany County, New 
York and Tioga, McKean, and Venango 
counties, Pennsylvania. 


points of the different paraflins. These 
results are shown in Table 1. 
Samples of each type of paraffin 
weighing 2.5 gm were melted and 
the temperature at which all the par- 
affin was in solution was recorded. 
The average of five runs was taken. 


Experiments 


A series of experiments was con- 
ducted in the laboratory, the results 
leading to the following conclusions. 

1. Heat greatly increases the solu- 
bility of all solvents for paraffin, par-* 
ticularly in the temperature range of 
70 to 120 F. If heated solvents are to 
be used, however, care must be taken 
to see that they are non-inflammable. 

2. Casinghead gasoline, naphtha, 
carbon tetrachloride, and carbon 
disulphide, when used in combination 
with each other, are not effective in 
dissolving paraffin. The initial break- 
down and softening of the paraffin is 
fairly rapid, however. When these 
solvents are used in combination with 
commercial paraffin solvents, they 
seem to increase the latter’s solubility 
for parafiin. 

3. Certain combinations of solvents 
work much more rapidly than a con- 
centration of any one commercial 
paraffin solvent by itself. 
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Depth-temperature relationships observed in 
oil and gas wells in West Virginia. 


4. Crude paraffins coming from dif- 
ferent sands, and different grades of 
oil in the same sand react differently 
to solvent applications. A change in 
well conditions may also change the 
parafin constituency. 

5. From a study of the bottom-hole 
depth-temperature relationship, and 
from the results of experiments on the 
melting points of the various paraffins, 
it can be seen that the temperature 
necessary to melt all the waxes in the 
paraffins are much higher than the 
probable bottom-hole temperature. 
This indicates the possibility that 
some of the wax and asphaltic mate- 
rial in the paraffin probably clogs the 
pores on the sand face slowly, even 
with the sand face covered with oil. 
In all probability this adds to the pro- 
duction decline. 

From a study of the experimental 
data, it can be seen that certain sol- 
vent combinations are more effective 
than others in softening and dissolv- 
ing paraffin, and that the addition of 
heat to a solvent or solvent combina- 
tion greatly increases its solubility for 
paraffin. If a solvent or solvent combi- 
nation is to be heated, however, a mix- 
ture must be chosen that is non-in- 
flammable. 

It was evident from the experiments 
that the commercial paraffin solvents 
seem to be more effective when cut 








TABLE 1. Melting temperatures of various paraffins. 





Run — degrees F 
3 





5 
Formation Deg. Deg. Deg. Deg. Deg. Average 
Zanesville-Clinton....... witb bias : 148 142 153 143 158 148.8 
PORNO MUON. 6 6s c5cccccrscceeeeeedds 142 142 136 144 138 140.4 
Medina....... aseti viexse . 152 148 151 148 158 151.4 
Maxton “300"............. ; sp 137 145 144 146 152 144.8 
Corning*.. . 150 166 153 162 164 161.0 


* It is believed that the higher temperature from the Corning samples is due to a greater amount of foreign material within 


the paraffin samples. 
Results; 


The range of average melting points was from 140.4 F to 161.0 F 














with some other solvent or solvents. 
Therefore, a savings in treatment cost 
can be made by following the proced- 
ure of cutting the commercial paraffin 
solvent with one or more other 
solvents. 


As an example, suppose that a 5 gal 
treatment was to be used. The average 
cost of a commercial paraffin solvent 
would run about $15. The cost of car- 
bon disulfide or carbon tetrachloride 
is about $.75 per gallon. Hence, if 
21% gal of paraffin solvent was used 
with 21% gal of carbon disulfide, the 
cost would be $9, a savings of $6 in 


one treatment. Most leases make some . 


casinghead gasoline in the wintertime, 
hence if it were used, the cost would 
be further reduced. 


To further substantiate the value 
savings by the regular use of solvents, 
some figures are quoted on the ap- 
proximate cost of pulling the rods and 
tubing, and sending the tubing to a 
supply house for steaming. With the 
assumption that paraffin is in 500 ft 
of the tubing, the cost would run 
about $123, broken down as follows: 


Assuming a 3000-ft well, it would 
take one day to pull the rods and tub- 
ing, and one day to re-run them: 


$73.60 labor (four men @ $1.15 
per hour for two days) 
20.00 truck ($10 per day) 
30.00 steaming @ $5 per hour (6 
hours to steam 500 ft) 


$123.60 

It can be seen that a substantial sav- 
ing, with no loss in production, can 
be had by the regular use of solvents. 
Assuming that $15 worth of solvent 
is used every three months, the same 
amount of money would be spread 
over 2 years’ time, as compared with 
a pulling job, with no trouble, loss of 
production, or wear on equipment. 
The cost of hiring out a crew of two 
men and a service unit would run 
about $144 for two days. 


A satisfactory method of applica- 
tion, if a regular schedule is followed 
and the paraffin accumulation is kept 
at a minimum, is for the pumper to 
merely loosen the stuffing box and 
pour the solvent into the tubing. Aft- 
er letting it work for a period of time 
between regular pumping intervals the 
well is pumped off. 

If there is a fairly large accumula: 
tion of paraffin in the well, a recircu- 
lation method may be used by con. 
necting the flow line back into the 
casing. The setup as shown in Fig. 1 
may be worth the time and trouble 


“Commercial paraffin solvent means a sol- 
vent that is being marketed especially for the 
purpose of paraffin treatment. Other solvents 
include carbon disulphide, carbon tetrachlor- 
de, commercial naphtha, and casinghead gas- 
oline. 
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necessary to make it function. Most of 
the equipment necessary can be sal- 
vaged from around the pipe yard. 
Here salt, mud, water, and paraffin 
are caught by the barrels. The well 
first should be pumped down. If a non- 
inflammable solvent mixture was used, 
a fire could be built under the barrels 
and the solvent heated, but this is not 
advisable due to possible fire hazard. 

As each well does have many char- 
acteristics peculiar only to itself, it is 
recommended that a somewhat simi- 
lar procedure be followed as has been 
done in the experiments, on a less ex- 
tensive basis. A sample of the paraffin 
should first be tested in various sol- 
vents and the solvent that gives the 
most complete removal used. 

Most operators in Perry County are 
agreed that the secret of paraffin con- 
trol is the treatment of their wells on 
a regular schedule, the schedule being 
dependent upon the condition of the 
well. The big trouble in the past (and 
still is with some operators) is that 
operators let their wells go until the 
tubing has become completely clogged, 
which then involved an expensive 
pulling and cleaning job and often a 
stripping job where the rods had to 
be cut. 

According to supply companies lo- 
cated in southeastern Ohio, more and 
more solvent is being used to keep 
tubing and rods partially free from 
parafin and to cleanse the sand face. 

Application of solvent, following a 
regular schedule varying from 2 weeks 
to 6 months, has proved very success- 
ful. One operator following this pro- 
cedure, reported that he had had no 
pulling jobs in over a year, due to 
paraffin conditions. 


Many operators reported that sol- 


_ vent had been of little benefit or help 
-to them. It is the author’s belief that 


this is due, in many cases, either to 
lack of understanding of what sol- 
vents will do or misapplication of 
them. Some operators expect imme- 
diate results after pouring the solvent 
in the well. It is known that it takes 
a period of hours for the solvent to 
loosen and soften a paraffin accumu- 
lation so that it may be pumped out 
or flowed with the oil. Another com- 
mon misconception of operators is 
that commercial paraffin solvent will 
penetrate several feet or more of par- 
affin-clogged tubing. Paraffin solvent 
will not break up a paraffin accumula- 
tion that has plugged tubing, but it 
can be used in conjunction with some 
sharp tool such as a paraffin knife that 
will cut through and introduce a fresh 
surface to the solvent. The solvent will 
work on the immediate surface, but 
will not penetrate very deeply. 

A chemical field man cited an in- 
stance where a well had a 6-ft paraffin 
bridge in it. By using 20 gal of sol- 


vent with a paraflin knife, the accuniu- 
lation was broken up in several hours. 

The first step in deciding upon a 
method of treatment is to iteries 
the type, amount, location, and con- 
dition of the paraffin in the well. When 
deposits have been built up over a pe- 
riod of months, they are usually hard 
and dense. In these cases the solvent 
procedure may require more time and 
more than one application of solvent. 
If the solvent is applied haphazardly 
without careful consideration or real- 
ization of the problems involved, the 
treatment may be considered a failure 
from the start. Success is possible 
when the problem is properly ap- 
proached and application carefully 
planned. 


Conclusions 


1. There is no “sure-cure” for the 
prevention or control of paraffin ac- 
cumulation and deposition. 

2. Each well and each reservoir 
have their individual characteristics, 
and must be studied as such in regard 
to paraflin control. 

3. It is the author’s belief that as- 
phaltic material in the oil is intimate- 
ly tied up with the formation and ac- 
cumulation of paraffin, and that furth- 
er experimental work should be done 
on this. 

4. The proper use of cut commer- 
cial paraffin solvents has proved suc- 
cessful and economical, and will con- 
tinue to grow in importance in this 
area. 

5. The secret of successful solvent 
application is the following of a reg- 
ular schedule using the proper amount 
of solvent. 

6. The use of plastic coated tubing 
to prevent paraffin deposition has been 
very successful in Louisiana. It may 
find future application in Ohio. 
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Plate 1. Vedder pool, 
Wasco oil field. Contours 
on top of A-2 sand. 
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FIG. 1. Capillary interstitial water. 
Air displacement method. 
Sample from six wells. 





Water Drive Reservoir Performance 
Vedder Pool, Wasco Field’ 


Abstract 
This report summarizes a study of 


the Vedder pool in the Wasco field 
made by the Study Committee on Sec- 
ondary Recovery of the API Pacific 
Coast District Committee on Produc- 
tion Practice. The investigation was 
undertaken to study the recovery ef- 
ficiency resulting from a natural water 
drive in a California reservoir. 

The Vedder Pool of the Wasco field 
is the first deep reservoir in Califor- 
nia 10 approach economic depletion. 
The pool, which was discovered in 
1938. comprises 500 acres. It has 
been subject to an active water drive 
10 an extent that the current pressure 
is only 10 per cent less than the 

tPresented at the Spring Meeting, Pacific 
Coast District, Division of Production, Ameri- 


can Petroleum Institute, Los Angeles, Cali- 
fornis, May 10 and 11, 1951. 


*Petroleum Technologists, Inc., Montebello, 
California. 


N. VAN WINGEN* 


initial. As the oil was considerably 
undersaturated, the saturation pres- 
sure was not reached. The ultimate 
recovery factor is indicated to be 50 
per cent of the tank oil initially in 
place, which is compatible with the 
recoveries obtained from water drive 
pools in other sections of the United 
States. 

From a theoretical displacement ef- 
ficiency standpoint, there is no essen- 
tial difference between a natural and 
an artificial water drive mechanism. 
Accordingly, the fact that a Califor- 
nia reservoir has shown a successful 
response to a natural water drive 
lends encouragement to artificial 
flooding prospects. 


Introduction 
The Wasco field is located in the 
San Joaquin Valley in Kern County, 
California, five miles west of Wasco 
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in Township 27 South, Range 24 East. 
The field was discovered in 1938 as a 
result of seismic work. The discovery 
well, Continental Oil Company’s 
KCLA-2, was drilled to the then world 
record depth of 15,004 feet, and, 
when plugged back and perforated 
from 13,092 to 13,175 ft, established 
a new world record production depth. 
The initial production rate was 3663 
bbl per day of 35.7 API oil with a 
gas-oil ratio of 470 cu ft per barrel. 


Geologic Data 


The Wasco structure is an elon- 
gated dome, the longitudinal axis of 
which trends northwest and southeast. 
A map of the field showing contours 
on the top of the Vedder sand is 
shown on Plate I (below). The field 
had an initial productive area of 500 
acres, and a closure of 85 ft. There is 
no evidence of faulting in the reser- 
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voir. Productive measures of the 
Vedder pool are of Lower Miocene 
age and are encountered at an aver- 
age depth of 13,000 ft at Wasco. They 
are generally considered to be the 
equivalent of the Vedder zone found 
at Mount Poso, Rio Bravo, and other 
fields in this area. In September 1949 
the Standard Oil Company deepened 
their well Mushrush No. 5 to 15,866 
ft for a test of the Eocene sand. Al- 
though production was obtained at 
this depth, performance has not been 
sufficiently attractive to encourage an 
aggressive drilling program. 


Reservoir Characteristics 


Sand Characteristics. The Ved- 
der formation at Wasco is a hard and 
well consolidated sandstone. Core 
analysis data are relatively meager. A 
total of 62 samples from four wells 
were analyzed for porosity and per- 
meability, for 11 of which interstitial 
water determinations were also made 
by the capillary (air displacement) 
method (see Fig. 1). On the basis of 
these data, the average porosity and 
permeability are 15.4 per cent and 278 
md., respectively. The above perme- 
ability was computed on the basis of 
an arithmetic average of the available 
data. An average permeability of 1500 
md. is obtained if the average specific 
productivity index, as determined by 
depth pressure measurements, is con- 
verted to an equivalent laboratory 
permeability on the basis of the John- 
ston-Sherborne empirical correlation 
for California fields.1 This discrep- 
ancy is not surprising in view of the 
small number of samples which were 
core analyzed. It is felt that 1500 md. 
is more representative of true reser- 
voir conditions. , 

Fluid Characteristics. The capil- 
lary interstitial water curve (Fig. 1) 
indicates that the original value of 
the interstitial water content is some- 
what less than 10 per cent for an aver- 
age permeability value of 1500 md., 
and 15 per cent for 278 md. As this 
range is rather wide it was attempted 
to establish an interstitial water value 
on the basis of an interpretation of 
electric logs. The deep lateral and the 
self potential curves indicate that the 
Vedder sand is not clean, and in sev- 
eral of the logs a strong indication 
of the presence of a thin shale body 
is found which may separate the sand 
into two parts. Thus, a quantitative 
evaluation of interstitial water by 
means of the Archie formula? will not 
be accurate, as the latter is applicable 
only to clean sands. Accordingly in- 
terstitial water values ranging from 
37 to 48 per cent, as computed by the 
Archie formula, are not considered to 
be reliable. It is evident from the 
preceding discussion that available 
data are inadequate to quantitatively 
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Plate 2. lsopachous map of productive A-2 sand. 
(Initial conditions.) 





indicate the original interstitial water 
value. 

From a qualitative evaluation of all 
available information and analogy to 
other comparable reservoirs, how- 
ever, it is believed to be 15 per cent. 


The reservoir had an original pres- 
sure ‘and temperature of 5660 psi and 
277 F, as determined by subsurface 
surveys. A PVT study was made by 
the production technology laboratory 
of the Standard Oil Company of Cali- 
fornia in 1938 on oil and gas sam- 
ples taken from Continental Oil Com- 
pany’s well KCLA-2. The following 
data were established for the original 








TABLE 1. Reservoir characteristics 
Vedder pool—Wasco field. 


Sand characteristics 





NS 5 Su Seri acte auteaaiedadeen 15.4% 
RR G80 I p.andsnicencloisin@svaivin enlenine 1500 md.* 
PMID IO. 6. 5. 5ioc eds s.Scncaecsan 15% 


"Specific productivity index data. Core analysis data 
indicate an average permeability of 278 md. 


Fluid characteristics 


Initia! solution gas-oil ratio.............. 390 C.F./bbl 

Initial formation volume factor........... 1.244 

Initial oil viscosity . . wake .. 0.55 ep. 
Reservoir characteristics 

Initial reservoir pressure........ . Pere 

Reservoir temperature...................... 277 F 

Initial productive acres.......... ae 

Initial productive acre-feet ofsand........... 11,730 

Initial average sand thickness................ 24 ft 
Tank products initially in place 

.__ BSR GRP ee CAAA ee ree re 9,560,000 bb! 

MR 552 Pearihnt ee oe oe 3,720,000 mef 








reservoir conditions: Formation vol- 
ume factor, 1,244; solution gas-oil 
ratio, 390 cubic feet per barrel; and 
oil viscosity 0.55 cp. The oil was con- 
siderably undersaturated at_ initial 
conditions as the bubble point pres- 
sure is indicated to be 1480 psi. 

Tank Oil in Place. A count of 
the productive sand in each well was 
made on the basis of a study of core 
data and the electric logs. On the 
basis of these data the isopachous 
sand map shown on Plate II was pre- 
pared. Data pertaining to markers 
and sand thicknesses are not available 
on the southwest flank as no wells 
were drilled in that portion of the 
field. Therefore the configuration of 
southwest contours is subject to in- 
terpretation. The isopachous map was 
planimetered and the total bulk sand 
volume was determined to be 11,730 
acre feet, with an average sand thick- 
ness of 24 ft. Combining bulk volume 
data with the sand and fluid charac- 
teristics information, the total initial 
tank oil in place is 9,560,000 bbl (815 
bbl per acre foot) and the original 
gas in place is 3,720,000 Mcf (see 
Table 1). These volumetric calcula- 
tions are substantiated by water en- 
croachment calculations. as discussed 
later in this report. 
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base mud forming a protective coating in the 
hole. Holes are drilled nearer to bit size, too, 
because of reduced wetting and washing action. 
Less danger of cement channeling. Fewer 
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covery of a ‘“‘fish’”’ in case twistoffs do occur. 


EASY TO HANDLE. Driscose comes in 50- 
pound, 6-ply, water-resistant bags; is soluble 
in hot or cold water; may be added through 
ordinary hopper. No fermentation problems. 
You can obtain Driscose from your regular 
drilling mud dealer. 


LOW FLUID LOSS. Use Driscose in aqueous or 
emulsion muds to reduce loss of water or oil. 
Helps keep total mud costs low in practically 
every drilling area . . . in uncontaminated and 
contaminated muds, also. Write us for help 
with your drilling problems. No obligation. 


*DRISCOSE is a trademark for Sodium Carboxymethylcellulose 


DRILLING SPECIALTIES COMPANY 


BARTLESVILLE, OKLAHOMA 
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CUMULATIVE OIL RECOVERY - 


MILLION 6 


WATER CUT-% 
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oil production during this period (!6 
per cent of the initial tank oil in 


tively constant. 

The pool was capable of substantial 
oil production until the cut reaclied 
a value of approximately 50 per cent, 


£ 
‘cad place). Subsequently, the cut began ‘ 
5500 % to increase, a trend that continued 
2 until it reached approximately 90 per 
sie, 20 uy cent near the end of the pool’s life, ied 
since which rise it has remained rela- 
4600 & : 
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a . . . . ’ 
z after which time oil production fell off 
2000 800 " : ; 

° ° rapidly. Up to the point where rapid 

8 i500 600 $ production decline set in, the pool had 

z . produced approximately 80 per cent 
100 ~ 1000 400 9 of its ultimate oil production (39 per 
oe ae “a os cent of the initial tank oil in place). 

The gas-oil ratio declined from a 
) 0 n) value of approximately 350 cu ft per 
barrel to 200 cu ft per barrel during 
FIG. 2. Performance of Vedder pool, Wasco field. the first 4 years of production. (See 
Fig. 2.) Subsequently, the gas-oil ra- 
tio gradually increased to about 700 
= = cu ft per barrel in 1948, seven years 
: say Sag © age J 
TABLE 2. Production statistics, Vedder pool, Wasco field. later. This behavior is interesting in Our 
view of the fact that subsurface oper- ‘ 
; ; : : and is 
Accumulative production a ating pressures were substantially in 
Ww M Per cent 4 : < ha 
Oil Gas Water cut at Reservoir Number excess of the saturation pressure. Sev- we ha 
"a milion min mon fio ramure wet eral factors may have been respou- If beef u 
1-1-39 0.143 0.045 0.006 1 2 sible for departure of the gas-oil ratio d 
oo ry = = : ee) “ from the saturation value of 390 cu ft had te 
1-1-42 1.783 0.447 0.052 9 5335 12 per barrel. It is possible that the avail- 
1-1-43 21214 0.576 0.134 19 5360 11 : 
1-1-4 3.026 0.869 0.498 33 4915 12 able data included only the gas taken 
a6 erie: | ae agy2B8D TLS 48 s from the separators. The ratio of the ld 
1-1-47 BRIS 4.552 1.558 3.164 82.3 4930 7 separator gas to the oil is affected by 
1-1-48 ) 42683 1.611 4.133 95.1 5175 5 
1-1-49 4.678 1.652 4,585 92.7 err 3 the pressure and temperature of the 
cy ae HR ER BF separator. Thus, the gas-oil ratios 
Estimated ultimate recovery — Oil 4,750,000 bbl (50 per cent recovery factor). shown on Fig. 2 may have been af- | p 
\n attempt to determine the origi- z 
attempt to determin g : 7.27 S.|R.24E. ~ 
nal tank oil in place by the material $ 
balance method of calculation was es iedeemaiens out 
unsuccessful, principally because of re. oe dri 
the small amount of pressure decline : | “8 , rt 
during the life of the pool. P P | - | a dee 
; vs 1 = Continental 
Reservoir Performance 6 RAgcwest 
. “ 

Reservoir performance data for the bs P Wr 
Vedder zone in the Wasco field are = ful 
summarized on Table 2 and Fig. 2. 

The curve trends are characteristic of 
those of a pool with an active water 
drive as exemplified by rapidly in- 
creasing cut, relatively low gas-oil 
ratio and slowly declining reservoir Po 
pressure. Except for a period of severe (Lewiston Tract) 
curtailment in 1942, the oil produc- 
tion rate exhibits the expected trend - L AE Ce 
for this type of reservoir mechanism. ~ — ~., r 
[ndividual well histories follow trends eo Like, pp. 
ae : nied Ak 8) 
similar to that of the entire pool, No . mab ae 
secondary gas cap was formed be- 
cause the pressure remained above the 
bubble point. 

The pool had an initial period of $0 co , 
approximately four years during i 
which production was essentially ‘a = 
clean and gas-oil ratios retained their - 

a years It z ee to “ Plate 3. Water encroachment pattern. TI 
that the pool produced approximate 
P P PP y = Contours at 10 per cent cut. Sh 


33 per cent of its indicated ultimate 
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“Our Brewster N-12 has drilled two deep tests 
and is on its third well. In its first year of operation 
we have found out that it has plenty of extra 

beef under that tough hide. That’s why we haven’t 
had to shut it down a single day for maintenance.”’ 


“BEST RIG 
VE EVER RUN” 


‘‘My N-12 has plenty of power to pull a long string 
out of the hole in a hurry and when it’s 
drilling, there’s no vibration, no matter how 
deep or how big the hole.”’ 


Write today for the new Brewster catalog, giving 
full details on Brewster drilling equipment. 


SUPPLY COMPANIES 
Apex Equipment Company 
Bovaird Supply Company 
Industrial Supply Company 
Murray Brooks, Inc. 
Reams Supply Company 


IN CANADA: Rocky Mountain Supply Co. 
Direct and through recognized export dealers 





THE BREWSTER COMPANY, INC. 


Shreveport, Louisiana 


Claude Roberson, 
Drilling Superintendent 
Penrod Drilling Company 






















J. D. Norris, 


Tool Pusher 
Penrod Drilling Company 

















ANNIVERSARY OF 
BREWSTER’S GOLDEN RIG 


Brewster rang up the curtain in July, 
1950, on their new ‘‘Golden Rig,’’ the 
N-12 drawworks for deepest drilling. 
In this advertisement is a first hand 
report from the drilling superintendent 
and the man who has been operating 
the first ‘‘Golden Rig’’ for the past year. 
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fected by reductions in trap pressure 
and by increasing trap temperatures 


caused by greater production of water. ° 


This may help to explain the apparent 
simultaneous increase in water cut and 
gas-oil ratio that began in 1942, and 
which is apparent on both a pool and 
on an individual well basis. It is also 
to be considered that gas is soluble 
in water to a considerable extent, es- 
pecially at the high pressures encoun- 
tered in this pool, as reported by Dod- 
son and Standing.* The actually ob- 
served increase in gas-oil ratio, how- 
ever, is approximately twice that 
which can be so accounted for. 


Water Encroachment 


Plate 3 shows the position of 10 per 
cent cut lines at yearly intervals for 
the life of the pool. Ten per cent cut 
was chosen for this purpose because it 
eave the first definite indication that 
edge water had reached the individual 
wells. It is of interest to note that these 
lines are relatively smooth and uni- 
form, and that their configuration 
conforms reasonably well with the 
structural contours of the Vedder sand. 

By superimposing the 10 per cent 
cut lines on the isopachous map, total 
volumes of the reservoir flooded by 
water were calculated for successive 
time periods. These figures form a 
straight line when plotted versus the 
cumulative oil produced, as shown on 
Fig. 3. The slope of the line indicates 
a recovery of 410 bbl per acre-foot 
flooded, or about 50 per cent of the oil 
in place. The line extrapolates back to 
the origin, substantiating the sand 
volume used in this study and the 
magnitude of the overall recovery fac- 
tor. This method would have disclosed 
any significant error in the previously 
estimated value of the bulk sand vol- 
ume, since, in effect, it determines the 
reservoir volume existent beyond the 
outermost row of wells. The linear re- 
lationship observed on Fig. 3 indicates 
that the recovery efficiency was sub- 
stantially constant throughout the 
reservoir. 

\n attempt to compute water en- 
croachment by the Hurst method! was 
unsuccessful principally because of 
the very slight pressure decline oc- 
curring during the life of the pool. 


Ultimate Recovery 
\s of January 1, 1951, the field had 


very nearly reached its economic limit 
and its production from the two re- 
maining wells was only 45 bbl per 
day oil with an average water cut of 
95 per cent, as compared to the peak 
production rate of 2720 bbl per day 
from 12 wells in December 1943. As 
of January 1, 1951, the field had pro- 
duced a total of 4,722,000 bbl of oil. 
1,688,000 Mcf of gas and 5,262,000 
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! 
CUMULATIVE OIL RECOVERY 
(MILLION B.) 


FIG. 3. Water encroachment vs 
cumulative oil recovery. 


bbl of water. It is evident that very lit- 
tle future production is to be antici- 
pated and, therefore, the ultimate oil 
recovery is estimated at 4,750,000 bbl. 

The Vedder pool’s average cut his- 
tory as a function of accumulative 
production is depicted on Fig. 4. Ex- 
trapolation of this relationship to a 
reasonable ultimate maximum cut 
value substantiates the above indicated 


- ultimate recovery figure. 


On the basis of the above figures, 
the ultimate oil recovery is indicated 
to be 50 per cent of the initial tank 
oil in place (405 bbl per acre foot), 
and the gas recovery is equivalent to 
45 per cent of the initial gas in place. 
It is to be noted that the recovery fig- 
ure checks the 50 per cent value inde- 
pendently obtained by the water en- 
croachment method of calculation. 

The nonrecoverable oil left in the 
reservoir at economic depletion is 
equivalent to a remaining oil satura- 
tion of 42 per cent of the pore space, 
which is higher than that commonly 
observed in other areas of the United 
States. Muskat* lists 69 water drive 
reservoirs which show mean residual 
oil saturations ranging from 16-59 
per cent and averaging 30 per cent. 
This difference is difficult to interpret 
because flooding test data are not 
available on Wasco cores. High resi- 
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2 3 
CUMULATIVE OIL RECOWERY 
(MILLION B.) 


FIG. 4. Cumulative recovery 
vs per cent oil. 


dual oil saturation might be due, hiow- 
ever, at least in part, to low original 
interstitial water saturation, possible 
error in this factor, the continuous 
non-existence of a free gas phase, and 
heterogeneity of permeability. An 
additional consideration is the fact 
that gross production rates averaged 
only 700 bbl per day with a maximum 
of 1500 bbl per day. The wells were 
er from a depth of 3000 to 5000 
t. 

It is pointed out that the value of 
the original water saturation which 
was taken as 15 per cent, is of sub- 
stantial importance to the magnitude 
of the recovery factor. As the original 
water saturation was not definitely 
established, the actual recovery factor 
might be in excess of the 50 per cent 
determined by this study, and the 
residual oil saturation corresponding. 
ly lower than 42 per cent. 

Factors existent in the Vedder pool 
that have been favorable to high re- 
covery include the relatively thin for- 
mation, the continuity of the reser- 
voir, the apparently even advance of 
the encroaching water, and the low 
oil-water viscosity ratio. 

The recovery factor of the 50 per 
cent is considerably higher than 
would have been expected in the ab- 
sence of water drive. Muskat shows 
the mean recovery factory of 25 gas 
drive pools to be 33 per cent, which 
may be somewhat in excess of that 
obtained from many California reser- 
voirs. Muskat also states that the 
mean recovery factor from 69 water 
drive pools is 52 per cent, which is 
in close agreement with the 50 per 
cent obtained from the Vedder pool. 

From a theoretical displacement ef- 
ficiency standpoint, there is no essen- 
tial difference between a natural and 
an artificial water drive mechanism. 
Accordingly, the fact that a Califor- 
nia reservoir has shown a successful 
response to a natural water drive 
lends encouragement to artificial 
flooding prospects. 
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me ol DRIFT INDICATOR 


WITH THIS FEATURE 





NEW 
MECHANICAL SELF CHECKING 


DRIFT INDICATOR 


Yes, there are other drift indicators. But East- 
man, and only Eastman, has the 40-second 
interval self-checking feature. 


No batteries, light bulbs or photo-sensitive discs 
are used. This drift indicator’s operation is 
COMPLETELY MECHANICAL. 


Simple to operate — accurate in its recordings 
— rugged in construction. 


The instrument can be go-deviled or lowered 
into the hole on any conventional line. 


Operators may contract for this instrument on 
a daily or term rental basis at a nominal charge. 
Call the nearest Eastman office for details and 
a demonstration. 


22 offices for your convenience — Consult your 
telephone directory. 


r EastTMAN OIL WELL SURVEY COMPANY 


DENVER + HOUSTON 








Allowable Loads on an Unsupported Casing 






P 432. 


Column Under Action of Horizontal Wave 
Forces and Vertical Wellhead Loading 


J. A. REED II* and H. H. MEREDITH, JR.* 


Abstract 


The completion of offshore oil and 
gas wells with conventional wellheads 
poses the problem of an unstable cas- 
ing column. This paper presents a 
method for determining the allowed 
wellhead loading for such a column. 
A casing program is described and 
used in computations throughout the 
range of the investigation for normal 
water depths from 30 feet to 60 feet. 
Consideration is made of the horizon- 
tal forces acting on a round vertical 
column induced by the maximum 
probable breaking wave to be ex- 
pected under hurricane conditions in 
the Gulf of Mexico at the design water 
depth with allowances for storm tide. 
The evaluation of these wave forces is 
discussed in the light of various 
theories which have been proposed. 

4 graphical method is shown for 
the determination of the stresses and 
deflections induced in a casing col- 
umn by the wave force distribution 
computed from the theories accepted. 


Introduction 


Present practice in the completion 
of offshore oil and gas wells provides 
casing and tubing supension by con- 
ventional wellheads just under the 
platform that may be more than 100 
ft above the highest lateral support 
below the mud line. The combined ac- 
tion of the vertical load from normal 
casing weights and the horizontal load 
from wave forces, produces a force 
system approaching or exceeding the 
ability of the column to withstand it. 
It is the object of this paper to present 
a method for determining the allow- 
able wellhead loadings on offshore 
locations in water from 30 to 60 ft 
deep under conditions of maximum 
probable hurricane waves. 


Design Conditions 


A casing program used by Humble 
is as illustrated in Fig. 1. First, 26-in. 
casing is driven and jetted to refusal 
to a depth of approximately 100 ft 
below the ocean floor. Second, a 

+Presented at the Petroleum Mechanical En- 
gineering Conference of The American Society 
of Mechanical Engineers, New Orleans, Lou- 
isiana, September 25-27, 1950. 


*Humble Oil and Refining Company, Hous- 
ton, Texas. 
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string of 20-in. casing approximately 
300 ft in length is swung from the 
elevators and cemented to the top of 
the 26-in. casing, the cement in the 
annulus is washed out with small pipe 
to 20 ft below the ocean floor and the 
annulus packed with pea-sized gravel. 


The elevators are not released until 
after cement has set, which leaves the 
26-in. casing in a stress free condition, 
Third, a string of 1334-in. casing ap- 
proximately 3000 ft long is cemented 
at the bottom with 650 sacks and then 
slacked off to zero stress at the top 


FIG. 1. Typical completed offshore oil or gas well. 
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, THIS BOWEN JUNK BASKET 


MEVERSES 


_Wotmal Crreufation - 


«TO CATCH ALL BOTTOM HOLE JUNK: 


To ASSURE COMPLETE, single-run recovery of 
all bottom hole junk—bit cones, tong pins, hammers, 
mill cuttings, etc..—the Bowen Junk Basket reverses 
normal circulation to literally push objects into the 
basket. Its unique action is to divert normal circula- 
tion through side passages in the barrel so that it flows 
out against the full bottom hole circumference. Here 
the mud stream is deflected in a reverse action up 
through the center of the catcher barrel, through re- 
turn ports and on out into the up-flowing direction 
of normal circulation. The action of the mud flowing 
in a continuous stream to the center of the tool and up 
through the catcher barrel carries all objects into the - 
catcher for removal on pull out of the string. 


Full pump pressures can be utilized because 
there is no danger of mud stream pressure bearing 
against and causing loss of the fish. And in addition, 
the full circulation principle eliminates necessity for 
pulling wet strings! 





The Bowen Reverse Circulation Junk Basket is 
an ideal tool for recovering all types of junk, for coring 
medium-hard formations 
and for straightening 
holes drilled slightly off 
center. It is available in 
sizes from 454” to 17)” 
and is engineered to re- 
cover all types of bit cones 
used to drill hole sizes 
within its range. 


— 


aan ; 
-+:.'"" For details—call the Bowen Service Store 


in your territory or write direct to... 





MAIN OFFICE AND PLANT: 
11008 SOUTH NORWALK BOULEVARD 
SANTA FE SPRINGS, CALIFORNIA 
EXPORT OFFICE: 
30 ROCKEFELLER PLAZA 
NEW YORK CITY. NEW YORK 
EXPORT REPRESENTATIVE: VAL. R. WITTICH 
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HORIZONTAL FORCE ALONG A 26-INCH CYLINDRICAL PILE 


(32-FOOT BREAKING WAVE IN 40 FEET MEAN GULF DEPTH WITH 
5 FOOT STORM TIDE) 
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of the fixed portion as determined 
by pipe stretch after cement has set. 
The annulus between the 133-in. and 
the 20-in. casing is then squeezed 
with 450 sacks of cement, which is 
displaced to 20 ft below the ocean 
floor. After this cement has set, the 
casing is slacked off to the residual 
load to be carried on the 20-in. by 
|33-in. hanger. The annulus is then 
packed with pea-sized gravel from the 
top of the cement to the top of the 
annulus and the hanger set. Protector 
easing and oil strings are set with 
1000 ft of cement at the bottom of 


vided, if necessary, through a down- 
the-hole hanger or a cement plug 
squeezed through the annulus. These 


‘hangers or cement plugs are placed 


below the top of the cement sheath 
inside the 26-in. casing and above the 
casing seat for the 20-in. casing, and 
loads are thus transferred through 
the 1314-in. to the 20-in. casing to 
the formation. The residual load 
applied to the 20-in. by 133 in. well- 
head hanger is approximately 10,000 
Ib. All loads imposed by the inner 
strings smaller than 13%¢-in. are car- 
ried by the 20-in. casing. The whole 
assembly is laterally braced to the 





each string. Secondary support is pro- 








Equipping your rigs with Foster Catheads really is a “natural” for 
assuring long life and low maintenance for. your catheads. 

Foster Catheads have earned their place on the finest drilling rigs in 
the world thru years of specialization in cathead manufacture. This 
specialization has meant the best in safety, speed, dependability and 
economy, whether it is on catheads for the shallowest or the deepest 


wells. 





FOSTER : 
AIR SPINNING CATHEAD 


Safer. .. fully enclosed ... operator can apply 
iny desired amount of power to the pull line. 
Faster... instant engagement without reduc- 
ing lineshaft speed. 

Dependable . . . 1914” single plate crawl-free 
friction clutch; recommended for pull up to 
12,000 lbs. 

Economical ...smoothness of power makes 
spinning rope and spinning chain last much 
longer. ..no adjustments during life of Cat- 
head. 





FOSTER 


AIR MASTER BREAKOUT CATHEAD 
Safer... fully enclosed... operator in com- 


plete control of pull on jerkline at all times. 
Faster... instant engagement without reduc- 
ing lineshaft speed. 

Dependable ... 16” triple plate crawl-free 
friction clutch; amply powered and field proved. 
Economical ...no brakes required and no 


metal-to-metal impacts ...no adjustments dur- 
ing life of Cathead. 


In addition to the above the Foster Cathead Company manufactures the regular Foster Master, Type B, 
Breakout Cathead and Foster Spinning Cathead; plus the Foster Midget Master Breakout Cathead and 
Foster Midget Sninning Catheads for shallow drilling and cleanout rigs. 


CATHEAD COMPANY 


P.O. BOX 1675 


WICHITA FALLS, TEXAS 


FACTORY REPRESENTATIVES 


O. W. Frogge 
Casper, Wyoming 


Tillery & Parks 


Odessa, Texas 


R. D. Cloninger 


Lafayette, Louisiana 
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platform and zero deflection assumed 
at an elevation of 10 ft above Mean 
Gulf Level. As the ocean bottom in 
some parts of the Gulf is of a very 
fluid nature and offers little resistance 
to shear, the second point of fixity for 
the casing string is assumed to be 20 
ft below the ocean floor. 


The maximum probable deep water 
hurricane wave for the Gulf is esti- 
mated at 35 ft. Fig. 2 shows the height 
of breaking waves in various depths 
of water for a maximum wave heicht 
of 35 ft in deep water. For design 
purposes it has been assumed that in 
60 ft to 40 ft of water, a 32-ft break- 
ing wave will exist and in 30 fi of 
water, a 24-ft breaking wave. The 
height of all breaking waves is as. 
sumed to be 34 above and 1, below 
water level. 


It has also been assumed that the 
effective water depth will be increased 
by a storm tide varying according to 
early estimates as shown in Fig. 2 
from 10 ft at a normal water depth 
of 20 ft to negligible at 60 ft. The 
magnitude of storm tide has a sub- 
stantial effect on allowed casinghead 
loads shown in Fig. 5 and also on the 
platform elevation required to clear a 
hurricane wave. Recent observations 
on two platforms approximately 8 
miles from shore in 40 to 45 ft of 
water after the hurricane October 3, 
1949, indicate that this storm tide es- 
timate may be low, and has had a 
serious effect on platform and casing- 
head load design considerations. 
Humble is now assuming a_ 10-ft 
storm tide at all well sites and a 40-ft 
breaking wave in water depths greater 
than 40 ft in the design of future 
platforms. 


The forces imposed by breaking 
waves have been predicted by several 
different theories. Munk has devel- 
oped a conservative compromise em- 
ployed by Humble, using the Solitary 
wave theory’ modified: by the Airy 
wave theory.” Maximum forces occur 
at the crest of breaking waves. 


A plot of the horizontal force dis- 
tribution, computed by Munk’s 
theories, developed by a 32-ft break- 
ing wave, along a 26-in. column in 
40-ft normal water depth plus a 5-ft 
storm tide is shown in Fig. 3. The 
Airy wave theory gives greater forces 
than the Solitary wave theory from 
the ocean floor to a point above half 
way between Mean Water Level and 
the wave crest. Above that point the 
Solitary wave theory curve is greater. 
While the Airy and Solitary wave 
theories have been known for many 
years, neither has been positively vali- 
dated for breaking waves. Theretore. 
in this \investigation the theory 1s 
used that gives the greater unit force 
at any particular elevation. 
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SECURITY ENGINEERING CO., INC. 
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Security Rock Bits assure straight full gauge hole at a 
maximum drilling rate through all types of formations. 
Each Security Rock Bit is designed and field proven to 
give the best performance under a specific set of condi- 
tions. All Security Rock Bits have the advantages of HIGH 
CENTER CONE bit stabilization, balanced bearings, rugged 
construction and maximum service life. 
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ONE OF THE DRESSER INDUSTRIES 

Main Office: Whittier, California 

Branches in all major producing areas Ae 
Export Office: Chanin Building, New York City 
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A specialized bit with full 
bottom hole circulation for 
soft, sticky formations. 


Long tooth bit for soft for- 
mations. 


For soft to medium forma- 
tions. 
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For medium non-abrasive 
shales. 


For medium non-abrasive 
shales interspersed with 
streaks of harder forma- 


tions. 


ee 


A general purpose bit for 
drilling in medium forma- 
tion. 


A general purpose bit for 
medium and medium-hard 
formations. 


For medium to medium- 
hard formations. 


For hard rock formations 


interspersed with ex- 






tremely hard abrasive 
streaks, 


Solution of the Problem 


[he casing column under the action 
/f wave forces and as supported is a 
continuous beam with statically inde- 
terminate stresses and therefore in- 
volves the theories of elasticity for 
solution of the reaction at the lateral 
support, the moment distribution, and 
the deflection curve. This was done 
by determining the deflection at the 
point of lateral support 10 ft above 
Mean, Gulf Level as if that support 
were*not there and then computing 
the [ateral force required to reduce 
the deflection to zero at the point of 
lateral support. A graphical method 


was employed. The final result, show- 
ing the moment distribution and the 
deflection curve produced by wave 
forces for conditions at 40 ft Mean 
Gulf Depth is shown in Fig. 4. 

Next the allowable axial load on 
the casinghead was determined from 
the following relation: 

c 


P 


where S, is the allowable stress in 
pounds per square inch, 
P is the allowable axial load 
in pounds applied at +29 
ft. 


























HARRISBURG COUPLINGS AND FLANGES 


have proved superior year after year 
under the toughest operating conditions! 








HARRISBURG Seamless 
Steel Pipe Couplings are 
made to A.P.I. and A.I.S.1. 
specifications. A.P.l. cas- 
ing, A.P.I. line, drive, water 


well, and other types. 


WHO MAKES IT 


makes the difference 






HARRISBURG Drop-Forged 
Steel Pipe Flanges are manv- 
factured to A.S.A. standards. 
Slip-on, threaded, welding neck, 


reducing, and other types. 


Consult our Oil Country Distributors or write Harrisburg for information 





HOUSTON: 
LOS ANGELES: 





Henry H. Paris, Distributor, Inc. 
Howard Supply Company 
Republic Supply Co. of California 
TULSA: W. C. Norris, Manufacturer, Inc. 


SEE OUR 
CATALOG 
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COMPOSITE CATALOG 











HARRISBURG 


STEEL “CORPORATION 





Herrisburg 7, Pennsylvania 
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Custom-fuilt Quality Products in Quantity 


QB vears IN PENNSYLVANIA‘’S CAPITAL 











Ais the metal area of the 
20-in. H-40 casing in 
square inches. 

At is the maximum deflection 
with respect to the point 
of application of P, in- 
cluding the deflection due 
the axial load, inches, 

M,, the maximum moment in- 
duced by the wave forces 
in inch-pounds, 

cthe radius to the outer 
fibers of the 20-in. H-40 
casing in inches, and 

I the combined moment of 
inertia of the three outer 
strings of casing in inches 
to the fourth power. 

The allowable stress, S., for the 20- 
in. H-40, 94-lb casing is based on a 
minimum joint strength of 487,000 
lb. Using a factor of safety of 1.8 and 
26.9 sq in. cross sectional area. this 
pipe gives an allowable stress of 10.- 
058 psi. The maximum deflection. 4,. 
is defined by the relation 


PAy + M. 
My. 


where A, is the maximum deflection 
with respect to the point of applica- 
tion of the axial load, due to the wave 
loading only. 

Relations (1) and (2) can be com- 
bined to give a quadratic expression 


p*—P( As. +A) 4 


w 


(M.A g, — Mee - 0 





1 


Aw . ° ( 3 ) 


in which P is the only unknown. 
Substituting for A, S., c and I gives 


p?— P | 26.9(10,058) + = 





w 


My My 
. Ww : w — ) 
+- 26.9 a ( 10.058 aii) ( 
(3a) 


The solution of (3a) requires that 
calculations be carried to five signifi- 
cant figures to develop a fair curve. 


After determination of the allow- 
able load by the preceding method. 
a check was made with a straight line 
column formula which gives the criti- 
cal buckling stress for a column.’ 








S. = 40,000 — 125 . (4) 


in which | is the unsupported length 
of the column in inches, and 
r is the radius of gyration of the col- 
umn section in inches. 

The allowable axial load based on 
the column formula is then deter- 
mined from the relation 


Ss. Myc 
P= (43-)a. 9). 
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You've Heard About Bethlehems H-15 


Bethlehem’s H-150, a pump for light rotary work, has 
been in the family for several months now. Long enough 
for almost everybody to hear about it. Long enough for 
drilling men to buy it and try it. 

Out in the field, the only real proving grounds, the H-150 has done 
a swell job—for it’s a sturdy, tough little unit with features reflecting 
the best in slush-pump engineering. Just take a look at these points: 





Complete oil-bath lubrication . . . pulley extension both sides . . . 
all-steel fluid end . . . API metal ring gaskets on valve covers, 
stuffing box housing flanges, discharge flanges, strainer housing 
flanges . . . telltale hole protecting fluid end from washouts if 
packing fails . . . alloy-steel gear made from rolled seamless 
forging . . . alloy-steel pinion . . . roller bearings throughout. 


Specifications? Here they are: 


Bore, 74 in. . . . stroke, 12 in. . . . maximum input bhp at 70 
rpm, 191... maximum working pressure, 1185 lb . . . gear ratio, 
5.536 to 1... weight less skids, 16,500 Ib. 
While the H-150 is designed primarily for pumping on fairly shallow 
drilling jobs, it’s also excellent for mud-mixing and for lease gathering 
work. One of the things most liked about this well-built pump is its 
versatility—something you're going to hear more about as time goes on. 


BETHLEHEM SUPPLY COMPANY 


General Offices: 21 E. Second St., Tulsa, Okla. 
West Coast Headquarters: Los Angeles, Calif. 
Export Distributor: Bethlehem Steel Export Corporation 


THE BETHLEHEM H-150 


WORLDS BEST METHOD 
FOR PIPING 





























The Victaulic name stands for 
pioneering and world leadership in 
quick, dependable piping 
construction. Victaulic offers a 
complete method of piping that just 
can’t be beat! From one end of the line 
to the other... for almost every kind 
of piping job... you'll find that 
Victaulic’s the EASIEST WAY TO MAKE 
ENDS MEET! 


Victaulic is not just a quick way to hook up 
pipe line sections... it’s a COMPLETE 
METHOD with a versatile line of Couplings, 
Full-Flow Elbows, Tees, and other Fittings. 
Victaulic offers wide adaptability and 
makes joining those pipe ends quick, easy, 
and economical. A simple two-bolt 
coupling brings pipe ends together in a jiffy; 
a speed or T-wrench is the only tool 
required. AND the Victaulic Method assures 
positive-locked, leak-proof joints even 

under extreme pressure, vacuum, or strain 
conditions. 


“vie” 
VICTAULIC 


Preparing pipe ends is a cinch with the “Vic” 
Method .. .“Vic-Groover” grooves ’em 
automatically, twice as fast as a conventional 
pipe threader! 


On your next piping job — new construction, 
repairs, or alterations — try the Victaulic 
Method and you'll save time, work, 

and money! 


Make that next piping job ALL VICTAULIC! 
Write today for Victaulic Catalog and 
Engineering Manual No. 44-8G. 


NOTE VIC’S NEW 
COMBINED MAIN OFFICE AND 
PLANT ADDRESS BELOW — 










Sizes—34" 
through 60" ¢ 


VICTAULIC COMPANY OF AMERICA 
1100 Morris Avenue, Union, N. J. 
Mailing Address: Box 509, Elizabeth, N. J. 
Phone: Elizabeth 2- 3640 
Victaulic Inc., 727 W. 7th St., Los Angeles 14, Calif. 
Victaulic Company of Canada, Ltd., 406 Hopewell Ave., Torontol0 
For Export outside U.S. & Canada: PIPECO Couplings & Fittings, 
Pipe Couplings, Inc., 30 Rockefeller Plaza, New York 20, N.Y. 


27TH VICTAULIC YEAR 


The easiest way to make ends meet 


VIGTAULIG 


PIPE COUPLINGS AND FITTINGS 


Copyright 1951, by Victaulic Co. of America 








The allowable axial loads as com- 
puted by relations (3a) and (5) were 
plotted against Mean Gulf Depth in 
Fig. 5. Allowable loads eomputed 
from relations (5) are higher than 
(3a) throughout the range of this in- 
vestigation. It is recommended that 
the lower curve be used. 


Discussion of the Solution 


A new theory has been developed 
for the prediction of wave forces that 
indicates forces substantially greater 
than those predicted by Munk and 
used in the foregoing solution.‘ As 
the experiments from which the new 
equations were developed were per- 
formed with low Reynolds numbers 
and on only one size pile, % in., the 
results indieate the need for addition- 
al wave force research but do not 
justify abandenment of Munk’s equa- 
tiens. 

The assumed strength of the casing 
in solution (3a) is based on API 
minimum joint strength. The factor 
of safety of 1.8 usually applied in 
design of casing strings in tension is 
considered adequate because of satis- 
factory experience in completed wells, 
and is justified in comparison with 
higher factors used by the building 
industry because the major axial load 
is concentric and static. 

The assumption of a fixed lateral 
support at 10 ft above Mean Gulf 
Level is justified because the change 
in stress at the lateral support where 
the stress is maximum is negligible 
even with a lateral movement of 6 in. 
Calculations have shown that a plat- 
form movement of more than 6 in., 
the estimated maximum under hurri- 
cane conditions, is required to de- 
velop a bending stress at the point of 
fixity below the Gulf floor greater 
than the stress at the platform sup- 
port. 

The original Grand Isle casing pro- 
gram on which this solution is based 
has been revised by substituting 30- 
in. for the 26-in. conductor pipe. This 
change increases the allowed casing- 
head load because the resistance to 
bending is proportional to the cube 
of the diameter while the wave force 
absorbed varies directly as the diam- 
eter. It also allows additional space 
for gravel packing. 
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“We make hole fast with 
REED ‘7’ Series Rock Bits” 


... says George Calloway, tool pusher 
for Lewis Drilling Company in Kansas. 


atta 


Sree 
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me 
© 


Harold Shank, day driller for 
Lewis Drilling Company. % 


REED ROLLER BIT COMPANY 


HOUSTON 1, TEXAS 
NEW YORK LONDON BUENOS AIRES 
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FIG. 1. Structure contour map top of Shannon sand. 


Shannon Sand Reservoir 


Cole Creek Field, Wyoming’ 


E. J. WHITAKER® and D. T. HOENSHELL* 


Abstract 

['his paper presents the initial re- 
sults of pressure maintenance in the 
Shannon Sand Reservoir, Cole Creek 
field, Wyoming. 

The Shannon pool was opened in 
1940, and drilling continued through 
1945, with 25 wells presently produc- 
ing. Sixteen hundred twenty acres 
with a net pay of 1714 ft were found 
productive, with initial reservoir pres- 
sure of 1650 psi. Pressure-production 
graphs are presented and discussed. 

Presented at the-Spring Meeting, Rocky 
Mountain District, API Division of Production. 
Casper, Wyoming, April 19-20, 1951. 


“General Petroleum Corporation, Casper, 
Wyoming. 
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Producing pressures at the pump are 
maintained by a “bubble-point” ex- 
tension jacket, and have remained at 
a near-bubble-point minimum. Water 
injection was begun on February 6, 
1946, and increased in 1950, and the 
history of the water injection is shown 
graphically. Total injected water was 
388,000 bbl to January 1950 and 
670,000 bbl to February 1951. 

It is believed that the conservation 
methods in use have effected an in- 
creased recovery efficiency and per- 
mitted higher producing rates, and 
will ultimately result in a substantial 
amount of otherwise non-recoverable 
oil, 


P 533. 


Introduction 
The purpose of this paper is to pre. 
sent the initial results of pressure 
maintenance by water injection and 
controlled producing pressures in the 
Shannon sand reservoir, Cole Creek 
field, Wyoming. 


Discussion 
Location. The Cole Creek field js 


situated some 20 miles northeast of 
Casper, Wyoming, and in the south. 
western portion ot the Powder River 
Basin. 

Discovery and development. 
The Cole Creek structure was first 
indicated by torsion balance and seis. 
mic surveys during 1936. The first 
well, 55-21-G, was spudded September 
28, 1937. This well, however, was car- 
ried to the Dakota-Lakota zone and 
placed on production in May 1938. 
Weil 1-21-G was the first to be com- 
pleted as a Shannon producer, in 
April 1940, with an initial production 
of 430 bbl per day pumping. Drill- 
ing the Shannon continued through 
1945. Two wells originally completed 
as Dakota- Lakota producers have 
been recompleted in the Shannon. At 
the present there are 25 wells produc- 
ing, one idle, two were abandoned, 6 
are in use for water injection, and 
one was abandoned in the Shannon 
and later recompleted in the Parkman 
sand as a water well. 


Shannon Reservoir 


Geological data. The Shannon 
reservoir is a low relief, elliptical 
structure with net oil sand thickness 
averaging 1744 ft. The producing 
zone has been encountered as high as 
1120 ft above sea level, and the origi- 
nal water table has been established 
as 980 ft above sea level. Producing 
area was originally approximately 
1620 acres. 

The producing sand is Upper Cre- 
taceous, and can be described as fine 
to medium grained, glauconitic, with 
thin shale partings and inclusions. 
Analyses of 231 core samples indicate 
an average porosity of 19 per cent, 
interstitial water content 31 per cent, 
and permeability to air of 56 md. 

Engineering data. The Cole 
Creek field is unitized, and General 
Petroleum Corporation is the sole op- 
erator. Thus, operating practices may 
be adapted to provide optimum rates, 
maximum ultimate recovery, an 
minimum reservoir waste, on the 
basis of sound engineering principles. 

The well spacing plan for develop- 
ment was based on one well per 40 
acres, but, after the water table was 
defined, edge locations were left un- 
drilled. A total of 32 wells were pro- 
ductive from the Shannon, giving an 
overall average of one well per 50 
acres. 
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Completion practice generally was 
to set 514 in. casing above the sand 
and to drill through with a 43, in. bit. 


The first Shannon reservoir pres- 
sure measured was 1640 psi at the 
1075 ft ASL datum, in Well 55-21-G 
during August 1940. The original 
reservoir datum pressure has been 
assumed as 1650 psi. 

An analysis of PVT behavior of 
Shannon oil and gas was made by the 
General Petroleum production labora- 
tories using recombined surface sam- 
ples. Characteristics are shown in 
Figs. 2 and 3. Briefly, the analysis 
indicated a bubblepoint of 750 psi at 
the reservoir temperature of 123 F. 
The total gas-oil ratio was 117 stand- 
ard cf/barrel with an API gravity of 
36.3 deg. Oil viscosity was 3.5 cp at 
original reservoir conditions and 5.5 
cp at atmospheric pressure and reser- 
voir temperature. Reservoir data are 
shown in Table 1. 


Pressure-Production History 


Fig. 4 shows a plot of pressure and 
production data of the Shannon reser- 
voir. It is at once apparent that there 
is a close relationship between pres- 
sure and rates of withdrawal. By the 
latter part of 1943 it was decided to 
curtail production in order to arrest 
the rapid rate of pressure decline. In 
1944, pressure surveys indicated that 
natural water encroachment was sus- 
taining a portion of the production. 
During 1945 the production rate was 
increased due to sales commitments, 
and the pressure again declined. 
Water injection was begun with one 
well on February 6, 1946, averaging 
250 bbl per day, and “bubblepoint” 
pumps were installed in 15 wells. 


For the next 214 years net forma- 
tion withdrawals averaged some 550 
bbl per day, and pressure remained 
constant. In mid-1948 a decision to 
produce the field at maximum rates 
was made, and the pressure again 
declined. During this period the rate 
of production declined similarly to 
the pressure, as it had in 1943. It 
should be noted, however, that the 
field was able to produce at rates 
comparable to those of 6 years earlier, 
even though the pressure was about 








TABLE 1. Reservoir data. 





Shannon Sand — Cole Creek field 


Number of wells cored................000-00. a 
Approximate mean depth, ft...................005 4575 
Lu. eee aoe ; 
Net sand thickness, ft..............0..0.ccccceeee 17% 
SN icc cacccnncciaescsusccsbaves 19 
Permeability to air, md..............0.scscceceees £6 
Interstitial water, per cent of pore space............ 381 


gt, ie 1620 
timated tank oil originally in place, MM bbl...... 26.75 
riginal pressure at 1075 ft ASL, psi............... 1650 
eservoir temperature, F 
haracteristies of produced oil: 
Otal gas in solution, cf/bbl................000% 117 
Oil gravity, API 


= 








VISCOSITY AT 122 F CP. 
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FIG. 3. Top, formation volume factors. (Barrels of bubble point liquid at 123 F 
per barrel of tank oil. Bottom, oil viscosity. 


250 psi lower. In mid-1949, “bubble- 
point” pumps were installed in all 
producers not previously equipped, 
and all casingheads shut in. This ef- 
fected a marked reduction in rate to 
about 750 bbl per day average during 
the last quarter of 1949. In January 
1950 water injection in Well 53-16-S 
was begun, and in March, July, and 
August 4 additional wells were added 


to the injection system. During 1950 
the oil rate consistently increased, to 
about 960 bbl per day average in Jan- 
uary 1951, and the pressure also ex- 
hibited a similar increase. 


The “Bubblepoint’’ Pump 
Mention has been made of the in- 
stallation of “bubblepoint” pumps in 
the Shannon wells. This pump is 


FIG. 4. Pressure production history—Shannon reservoir. 
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simply a standard RLT pump, with 
the addition of a 15 ft extension be- 
tween the bottom of the pump barrel 
and the standing valve. The pump is 
very sensitive to free gas, and will 
gas-lock when producing pressure 
drops below the bubblepoint and gas 
evolves from solution. This tends to 
maintain a backpressure on the for- 
mation near the bubblepoint pressure, 
when, of course, the casinghead is 
shut in and casing pressure is stabil- 
ized. Observations indicate that pro- 
ducing pressures have remained with- 
in 150 psi of the bubblepoint pres- 
sure. As compared with other methods 
of maintaining a back-pressure on a 
producing sand, the “bubblepoint” 
pump, operated with casinghead shut 
in, has proved very satisfactory. 


Water Injection 


\s it becomes evident in 1943 that 
natural water encroachment would 
not support pressure and oil rate at 
the desired levels, engineering thought 
was given to a water injection proj- 
ect. Water flow tests were made on 
cores, and injection experiments were 
made on several wells in the field. 
Well 37-21-G was finally selected and 
initial injection was started on Feb- 
ruary 6, 1946. This is a closed sysiem 
involving a water well, purification 
and treating plant, and injection well, 
all housed together with a tail pump 
on the water well unit providing in- 
jection power. Water was injected at 
a rate of 200- 300 bbl per day against 
pressures up to 350 psi. This unit is 
still in operation, and has injected 
some 462.000 bbl of water in the 5 
years to February 1951]. It is believed 
to be the first water injection project 
in the Rocky Mountain area. 

In January 1950, Well 53-16-S was 
placed on injection, as the first of sev- 
eral wells on a closed system. In 


March, Well 75-17-G was added, and 


in July and August 3 more wells were 
added to the system. Water is pro- 
duced from a water well producing 
about 800 bbl per day from the Park- 
man sand and another producing 
about 300 bbl per day from a shal- 
lower sand. Produced water at each 
well is surged in a gas-capped pres- 
sure vessel and injected via a common 
system by slush pumps. Regulation 
of rate per well is controlled at the 
well heads. All of the five wells have 
not filled with water to date, and in- 
dividual well- head pressures vary 
from zero to 90 psi. 

History of the 6 injection wells. : 
of which were formerly producers, i 
shown in Fig. 5. Injectivity indices 
of these wells range up to 1.0 bbl per 
psi pressure increase, and are individ- 
ually up to 30 times the highest re- 
corded productivity index. 

Total injection rate has averaged 
1100 bbl per day since August 1950, 
and a total of 670,000 bbl of water 
have been put into the reservoir. 


>) 
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Inferred Results 


Examination of the pressure-pro- 
duction behavior of the Shannon res- 
ervoir shows something of the effect 
of water injection and controlled 
withdrawal, 

Initial control of withdrawals in 
1944 arrested the rapid pressure de- 
cline, but the 900 bbl per day average 
rate was appreciably higher than the 
natural water encroachment rate. 
After the start of water injection in 
1946 the total amount of water enter- 
ing the reservoir was sufficient to sus- 
tain an oil rate of 800 bbl per day 
without pressure decline. It is esti- 
mated that during this period the nat- 
ural water drive was about 700 equiv- 
alent barrels per day, and the injected 
water about 50 per cent effective. 

After the attempt to produce the 
sand at 1200 bbl per day rate in 1948, 


FIG. 5. Water injection history, Shannon reservoir. 
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and the later control of producing 
rates by installation of “bubblepoint” 
pumps, field average pressure was 
about 810 psi and net oil rate aver- 
aged 750 bbl per day during the last 
quarter of 1949, Estimated natural 
water encroachment was about the 
same as before, and augmented by 
some 250 bbl per day of injected 
water, still about 50 per cent effective. 
(The increased rates of 1948 were a!- 
most entirely supported by solution 
eas drive). The lower static pressure 
at the end of 1949, with “bubble. 
point” control, was effecting an auto- 
matic withdrawal rate control bene- 
ficial to reservoir pressures. 

With the augmented injection in 
1950, the increase in static pressure 
has resulted in an oil rate about 200 
bbl per day higher than at the begin- 
ning of the year. At present both the 
static pressure and the production are 
increasing. 

Calculations indicate that to the 
present, some 400,000 bbl of oil have 
been recovered by these conservation 
methods, which would not have been 
recovered by pressure depletion alone. 
The apparent recovery efficiency in 
the area swept by water to the middle 
of 1950 was in the order of 36 per 
cent. With the present distribution of 
injection wells, it is believed that the 
augmented water sweep will be more 
effective than the natural water drive, 
due to pressure maintenance within 
the pool which will prevent separa- 
tion of solution gas in the sand pore 
space, and will also tend to prevent 
the rapid bypassing of tight lenses or 
strata. Thus, it is estimated that the 
ultimate recovery efficiency will he 
greater than 36 per cent, and a 4 per 
cent increase would mean some 1.000.- 
000 bbl. otherwise non-recoverable. 


Conclusion 


It is still too early in the life of ihe 
injection project to appreciate quanti- 
tatively the full results of the en- 
deavor. It is believed, however, that 
the conservation of reservoir pressure 
and energy has effected an increased 
recovery efficiency and_ permitted 
higher producing rates, and will ulti- 
mately result in a substantial amount 
of otherwise non-recoverable oil. 

The project is another step in the 
practical application of sound engi- 
neering principles in the control of 
reservoir performance for the pur- 
pose of increasing ultimate recovery, 
prevention of the waste of reservoir 
energy, and conservation of natural 
resources. 
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Counterbalancing of Beam Pumping Units’ 


Adjustment must be done with more care than ever in these times—Pumping 


units should carry as heavy a load as possible to conserve scarce metal 


Over the period of the last 16 years 
many articles have been written and 
formulas have been proposed that 
had as their purpose a better under- 
standing for the oil producers of the 
importance of proper counterbalanc- 
ing of beam pumping installations. 

In the past, pumping units were 
built with extra steel and extra capac- 
ity in them so as to offset to a great 
extent the abuses imposed on them 
by improper attention to the adjust- 
ment of counterbalance and adjust- 
ment of all of the other factors which 
would tend to minimize peak loads 
and torques. 

At the present time pumping units 
are being designed with definite rat- 
ings to take care of definite peak 
loads and peak torques, and because 
of the competitive market the extra 
“padded” capacity is fast fading out 
of the picture. This of course means 
that it becomes a necessity to meas- 
ure the loads and torques to which 
the pumping units are being sub- 
jected. In many instances it does not 
require very much unbalance to go 
beyond the rating of the unit. 

The present defense effort, with the 
necessary conservation of steel, makes 
it more imperative that pumping units 
and all equipment be loaded as heav- 
ily as practical so as not to use up 
unnecessary steel. 

Simple procedures have been pre- 
sented by various authors over the 
past 16 years for the adjustment of 
counterbalance, and these may be 
enumerated as follows: 

1. Recording tachometer. 


2. Measurement of belt tension. 
3. Slipping of the clutch. 

4. Listening to the sound of the 
prime mover. 

Indicating ammeter showing 
peak current used by electric 
motor drive. 


6. Vacuum gage readings taken on 
engines. 


sn 


+Presented at the Spring Meeting, ‘Mid-Con- 
tinent District, API Division of Production, 
Herring Hotel, Amarillo, Texas, March 21-23, 
1961. 

*Johnson-Fagg Engineering Company, Tulsa, 
Oklahoma. 
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7. Measurement of the actual 
counterbalance effect at the pol- 
ished rod with a dynamometer. 


It would be well at this point to 
have a brief discussion of each of 
these methods pointing out the ad- 
vantages and disadvantages. 


Recording Tachometer 


1. The use of the recording tacho- 
meter is a practical method in many 
instances but it has some very definite 
limitations. The sensitivity of this 
method depends upon the amount of 
flywheel effect present to absorb peak 
loads on the prime mover. Record- 
ings have been made which show 
practically no variation in prime 
mover speed and yet when the dyna- 
mometer card was recorded and the 
counterbalance weighed, the counter- 
balance line missed the dynamometer 
card entirely. These were cases where 
the prime mover was lightly loaded 
and the flywheel effect maintained a 
constant speed although the degree of 
unbalance was quite appreciable. This 
method is also tricky in that it is not 
always possible to even up the speed 
variation on the upstroke and down- 
stroke. This results from the complex 
consideration of the geometry of the 
pumping unit and the shape of the 
load characteristic recorded by the 
dynamometer. Fig. 1, 2, and 3 illus- 
trate the above points. 


Measuring Belt Tension 


2. Measurement of belt tension 
was used chiefly on the large flat belts 
that were extensively used in the past; 
but since practically all units now are 
operated with multiple V-belt drives, 
there is no practical use being made 
of this today. 


Slipping Clutch 


3. Slipping of the clutch is a fairly 
good method but is not always prac- 
tical, especially where large rotary 
weights are being used. Also, this 
means that the clutch must be in good 
condition, which may or may not be 
the case. 


Prime Mover Sound 


4. Using the sound of the prime 
mover is best suited for electric mo- 
tor drives and may or may not be a 
good method for multi-cylinder en- 
gines, depending on the action of the 
engine governor and the shape of the 
dynamometer card. 


Operator’s Skill 


5. Experience shows that several 
field men may be sent out with an 
indicating ammeter and they will 
come back with different ideas as to 
whether the well is over or under 
counterbalanced. In other words, the 
successful operation depends on the 
skill of the operator. Equal peak cur- 
rents on the upstroke and downstroke 
do not necessarily mean that the well 
is balanced so as to require minimum 
power requirements. 


Vacuum Gage Readings 


6. Experience shows that in rely- 
ing on vacuum gage readings on the 
engine to determine best counterbal- 
ance, the result leads to an _ over- 
balanced condition. In order to obtain 
results from this method, an expe- 
rienced operator would be required, 
and each type of engine and well 
condition would need special inter- 
pretation. 


Measuring at Polished Rod 


7. Experience over the last 3 years 
proves that counterbalancing is best 
understood by the field men when the 
counterbalance effect is weighed at 
the polished rod as a regular pro- 
cedure in taking dynamometer read- 
ings. This method allows an imme- 
diate comparison between the coun- 
terbalance effect and the maximum 
and minimum well loads and gives an 
immediate picture of normal and ab- 
normal load characteristics. It records 
a quantitative measurement from 
which the amount of unbalance can 
quickly be determined. Counterbal- 
ance tables may then be consulted and 
the amount of change necessary cal 
be made at a minimum of time and 
expense. If the field crew is available 
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You Get MORE Than 


MORE OIL 


With McCullough, World’s Hardest 


Shooting, Gun and Jet Perforators! 


MORE OF EVERYTHING—Judge for 
yourself by these excerpts from typical 
job reports from a few McCullough 
service branches: 


—MORE THAN MORE OIL— 


Ventura, California. You get record- 
breaking speed and efficiency, when you 
order McCullough perforating service. 
Saving valuable rig time is a MUST 
with all McCullough crews: 6140 Mc- 
Cullough Burrless Bullets shot in only 
51 hours! 5718 McCullough Burrless 
Bullets shot in only 43 hours! 7188 Mc- 
Cullough Burrless Bullets shot in only 
65 hours! 102 McCullough Glass Jet 
shots in only three hours! 


—MORE THAN MORE OiL— 


Edmonton, Canada. You get unmatched 
service because McCullough will go any- 
where, anytime to do your perforating. 
In Canada, it is common for McCul- 
lough crews to fly hundreds of miles— 
in winter or summer —to bring fast, 
efficient service to remote wildcat areas. 
Perforating is accomplished without the 
need of electrical equipment, since Mc- 
Cullough Gun Perforators can be fired 
either mechanically or electrically—an 
exclusive McCullough feature! 


—MORE THAN MORE OlL— 


Fox, Oklahoma. You get more types of 
guns, more sizes of bullets, and the 
maximum safe charge of explosives in 
small pipe, where MORE POWER is 


— 





McCULLOUGH TOOL COMPANY 
5820 South Alameda Street, Los Angeles 58, California 
405 McCarty Street (P.O. Box 2575) *® Houston, Texas 
CANADA: Edmonton, Alberta * EXPORT OFFICE: Los Angeles, California 
VENEZUELA: United Oilwell Service Co., $.A.; Caracas, Anaco, Maracaibo 


needed. In this particular well, 4%” 
drill pipe was set due to the scarcity of 
casing. Ordinary jet perforators could 
not do the job, due to the small charge 
of explosives necessary in a small O.D. 
rigid body gun. The McCullough Glass 
Jet Perforator with a Steel Strip Car- 
rier permitted the use of the maximum 
safe charge of explosives, resulting in 
a successful gas well. 


—MORE THAN MORE OIL— 


Billings, Oklahoma. You get the best 
perforating job possible, regardless of 
the size or number of casing strings in 
your well. On this particular job, one 
service company refused to attempt 
perforating due to the thickness of the 
casing, the number of strings, and the 
large amount of cement behind the 
pipe. This job, witnessed by represen- 
tatives of four oil companies, was shot 
with the McCullough Glass Jet Per- 
forator. Quantities of water were pro- 
duced after perforating. Another serv- 
ice company attempted to perforate 
with a large open hole jet charge but 
failed to improve results. 


—MORE THAN MORE OiL— 


Houston, Texas. New McCullough Glass 
Jet Perforators now achieve .759% 
greatcr penetration, through solid steel 
plate, with .375% LESS explosives—by 
actual surface tests! In competitive 
tests no other perforator even ap- 
proaches it! In addition to more oil 
this means less chance of damage to 
the casing in your well. Another im- 


PERFORATING, TESTING AND FISHING SERVICE ANYWHERE — ANYTIME! 
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provement has been the use of a 50% 
stronger steel strip carrier, eliminating 
the possibility of debris. 


—AND, OF COURSE, MORE OIL— 


Reports from all branches and district 
offices have one thing in common— 
MORE OIL, even after all other meth- 
ods fail to get results! These cases are 
too numerous to list, it would take 
pages. But here are only a few: 8 B/D 
to 256 B/D; 40 B/D to 180 B/D; 35 
B/D to 225 B/D; 0 B/D to 950 B/D; 
0 B/D to 1560 B/D potential; 8 B/D 
to 133 B/D; ete. 


—WHY CALL McCULLOUGH?— 


You are interested in what we or our 
tools can do for you. You will never 
know the many benefits of our service 
until you call us. McCullough Service 
Engineers are available in your area, 
for consultation on your perforating 
problems, and without obligation. They 
are oil men with the hardest shooting, 
deepest penetrating Gun and Jet Per- 
forators in the world. These are pro- 
duction tools. If oil is there they will 
get more of it, and that is what you 
are after! 


—WRITE FOR THIS CATALOG— 


Write for your copy of the new 
McCullough Section of the Composite 
Catalog. Pages 3209 to 3223 are de- 
voted to perforating. Factual informa- 
tion you need — illustrations, specifica- 
tions, operating data, results. Send for 
your copy today. 





SERVICE LOCATIONS: TEXAS: Houston, Snyder, Alice, Cisco, 
Corpus Christi, McAllen, Odessa, Tyler, San Angelo, Victoria, Wichfta Falls: 
OKLAHOMA: Okiahoma City, Guymon, Healdton. MISSISSIPPI: Laurel. 
NEW MEXICO: Hobbs. KANSAS: Great Bend. WYOMING: Casper. 
CALIFORNIA: Los Angeles, Avenal, Bakersfield, Ventura. LOUISIANA; 
Houma, lake Charles, New Iberia, Shreveport. COLORADO: Sterling. 
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HYDRAULIC 
HOSE ADAPTERS 


Under the most rigid tests DEMCO 
adapters have proved themselves 
most efficient, economical, fool- 
proof and safe. 


Desined to take the stress of high 
pressure af’Ghy depth and eliminate 
all possible resistance to flow. Made 
of high quality non-crystalizing 
steel. Precision machined to A.P.I. 
specifications and knurled for bet- 
ter grip. Outer surfaces electro- 
plated to retard corrosion. 


Designed 
for 

3000 Ibs. 
working 
pressure, 
6000 Ibs. 


test. 


These Adapters and 
Couplings meet the 
requirements of all 
major swivel manu- 
facturers, and will 
make up any combi- 
nation or hook-up in 
the three or four-inch 
A.P.I. series for both 
swivel and standpipe. 


Sold through your supply store. 


DRILLING 


EQUIPMENT 


MFG. CO. 


845 S.E. 29th Street 
PHONE 62-4475 
OKLAHOMA CITY, OKLA. 
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to do the work immediately, a check 
can then be made to see whether the 
desired amount was obtained. On 
some units the adjustment can be 
easily made in a few minutes. 

When pumping conditions are un- 
stable it is very difficult to select the 
best counterbalancing for the condi- 
tions unless dynamometer cards are 
taken. 

After a pumping installation has 
been properly counterbalanced—or a 
better statement would be “counter- 
balanced as well as it can be under the 


:| Operating conditions existing”—then 
there still remains the problem of de- 


termining whether the peak-torque 
rating of the pumping unit is being 
exceeded. We can assume that the 
pumping motion is simple harmonic 
and under these conditions compute 
the approximate peak torque. How- 
ever, this does not take into account 
the actual rig geometry and the varia- 
tion in prime mover speed. Kemler 
has shown in his paper “Counterbal- 
ancing of Oil-Well Pumping Me 
chines.” How the velocity of the 
polished rod may be obtained by 
making a detailed layout of the pump- 
ing unit and solving for the instan- 
taneous velocity by means of vectors. 
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ON RU 1 VANE 


SOLTED STEEL TANK 





KANSAS 


Shropshire-O‘Neill Tank Company 
P. O. Box 597—Grext Bend, Kanscs 


LOUISIANA 


McGuffin Tank Company 
P. O. Box 724—Shreveport, Louisicn= 


NEW MEXICO 


Farmington Tank Company 
P. O. Box 728—Farmington, New Mexico 


OKLAHOMA 


Continentxl Tank Company 
P. O. Box 5038—Farley Station 
Oklahoma City, Oklahoma 
Snyder, Texas 


TEXAS 


Gray-Brown Tank Company 
P. O. Box 924—Longview, Texas 
Gray-Brown Tank Compeny 
P. ©. Box 2006—Odessa, Texas 
Mapp Tank Company 
P. O. Box 1349—Odesra, Texas 
Colorado City, Texas 
Martin Tank C-mpany 
P. O. Box 135—Corsicana, Texas 
Continental Tonk Company 
Snyder, Texas 
Federal Tank Compcny, Inc. 
706 City Nat‘onal Bank Bui'ding 
Houston, Texas 
Jackson Brothers Equipment Company 
P. O. Box 1625—Wichita Falls, Texas 
Westex Tank Compcny 
P. O. Box 9$41—Odessa, Texas 
Columbian Steel Tank Company (Warehouse) 
3705 McKinney Avenue—Houston, Texas 
. C. Bex 
P. O. Box 42—-Wocdsboro, Texas 
Beeville, Texas 


WYOMING 

Shropshire-O'Neill Tank Company 

P. O. Box 154—Casper, Wyoming 
Upton, Wyoming 


CANADA 


Williams Bros. Corp. (Canada), Ltd. 
Edmonton, Alberta, Canada 


Columbian Bolted Steel Tanks have long been famous the world 
wer for precision engineered design—quality construction—easy 
assembly —economical storage—extra measure of protection—long life 
service that pays extra dividends for every dollar invested. 

Columbian Bolted Steel Tanks are available from the conveniently 
lecated distributors listed above—or write us. (Columbian COP-NIC 
Tanks, especially for sour crude, will be available when conditions 
Permit.) 
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Pump O. D. sizes are: 
2%o, 3, 3%, 4%, - 5, 
52 and 7 inches. 20, 25 
and 30 ft. length. Strong 
bail welded to heavy 
seamless steel tube. 
Heavy grooved plunger 
assures liquid seal. Wire 
line direct connected to 
plunger for great suction. 


MILLER BAILERS 
Bailer O. D. sizes are: 
3, 3%, 4%, 5 and 5% 
inches. 20, 25 and 30 ft. 
length. 


Miller Sand Pump Co. 


General Office Box 4516 
1524 SE 29th St. 


OKLAHOMA CITY 9, OKLA. 
EXPORT OFFICE 
30 Rockefeller Plaza 
NEW YORK CITY 20, N. Y. 


See Composite Catalogue 
Page 3805 
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Mills has shown how counter- 
weight and well-load torque may be 
calculated from the rig geometry and 
dynamometer load data. This method 
also involves the detailed layout of 
the pumping unit. 

If a timing wave is recorded simul- 
taneously with the dynamometer card, 
the velocity of the polished rod may 
be computed without any additional 
measurements. By making a record of 
the instantaneous prime mover speed 
with a recording tachometer, the 
analysis may be carried far enough 
to obtain an instantaneous torque 
curve. 

This type of analysis automatically 
takes into account the geometry of 
the pumping unit and the variation in 
speed of the prime mover. 

The following is the step-by-step 
procedure in making a_ kinematic 
analysis of a pumping unit. (See 
Figs. 4, 5, and 6.) 

The timing wave is made simulta- 
neously with the dynamometer card, 
but must be placed in the proper po- 
sition to draw the polished-rod dis- 
placement curve and also so that it 
may be used to divide the dynamo- 
meter card into equal time intervals. 

The ‘timing cycle should be num- 
bered, starting at any convenient 
point, preferably near the start of the 
upstroke. In order to help in keeping 
this numbering straight, it has been 
found convenient to project the points 
where the timing wave cuts the central 
axis, taking into account both the full 
cycles and half cycles. The next step 
is to choose a convenient horizontal 
scale, which may be either timing 
cycles or time in seconds, and carry- 
ing the projections across and plot- 
ting the displacement vs. time curve. 
This procedure is shown by the top 
set of curves on each of Fig. 4, 5, and 
6. As a convenient comparison, a sim- 
ple harmonic curve has also been 
plotted. 


In order to plot the polished-rod 
velocity curve, the small increments 
of distance are measured carefully 
from the original of the timing wave. 
The ratio of the length of the pump- 
ing stroke measured at the polished 
rod to the overall length of the tim- 
ing wave gives the overall reduction 
ratio of the recording, and from this 
may be determined the actual dis- 
tance the polished rod travels for each 
increment of time. By knowing the 
distance and the time elapsed, the av- 
erage velocity for each increment may 
be calculated and plotted, and when 
sufficient points are determined the 
polished-rod velocity curve is plotted. 

As a check on this procedure the 
average upstroke and downstroke ve- 
locity may be determined by the use 
of a planimeter measuring the area 
contained between the velocity curve 
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Here’s why we know 
these links are BEST 


























































Only a test to destruction justifies the recom- 
mended load capacity and assignment of the 
4 to 1 safety factor for Web Wilson FrorGED 
Elevator Links. Links of each shank diam- 
eter, taken at random from stock, are tested 
to destruction on the Baldwin-Southwark 
Testing Machine (at right). which is capable 
of exerting a force of 4,000,000 pounds. 


Here is scientific proof that these links are 
BEST, but let us consider the factors which 
result in such superiority ... 

Starting with engineering calculations 
which insure adequate steel at points of stress 
—made from steel better suited to the require- 
ments, and higher in cost than is used in other 
makes of links—Web Wilson rorceEp Elevator 
Links are the only drop forged links available 
today; welding is entirely eliminated. 


Next follows heat treating to exacting 
standards in modern vertical furnaces to avoid 
warping or distortion—then each link is care- 
fully “Magnafluxed” to assure uniform qual- 
ity and freedom from any imperfections. 

That’s why we know that Web Wilson 
FORGED Elevator Links are BEST—that’s why 
we can proudly say “They are the strongest 
‘link’ in your drilling string.” 


WEB WILSON forged ELEVATOR LINKS 
Shank Diameter Rated Capacity 














INCHES TONS PER LINK 
1% 65 Lengths from 
24 110 36 inches to 
23% 150 108 inches 





Tops in the field, WEB WiLson Forged 
ELEVATOR LInKs today provide extra strength, 
extra safety and extra value for heavy duty 
service and severe usage. 





IF YOU WANT TO “GET TECHNICAL” 


Web Wilson rorcep Elevator Links are made from SAE 4140OH steel which is con- 
siderably harder and more expensive to forge and heat treat than the steel used 
in other makes of links. You will find it worth while to refer to the chemical anal- 
ysis of SAE 4140OH steel, which is as follows: Carbon, .35 to .45; Manganese, .70 to 
1.05; Chromium, .80 to 1.10; and Molybdenum, .15 to .25. Hardenability of SAE 
4140H steel runs from 39 to 55. With a Brinell hardness of 350, the tensile strength 
is approximately 200,000 psi for SAE 4140H steel. Higher tensile strength; greater 
resistance to shock; higher toughness resulting in better resistance to wear—all 
vital factors in an elevator link—amply justify your approval and specification of 
Web Wilson Links over competitive makes. 


WEB WILSO 


HOUSTON « LOS ANGELES 2 (Box 96) « NEW YORK 
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and the zero line and then dividing 
by the length of the zero line to give 
the average height. This average ve- 
locity should check with the average 
polished-rod velocity determined by 
counting the strokes per minute with 
a stop watch. 

In order to divide the dynamometer 
card into equal time intervals, the 
following procedure should be fol- 
lowed. (See Fig. 7.) 

The center line of the main stylus 


B-54 


must be located with reference to the 
base reference line, and the axis of 
the timing wave placed on this center 
line in a position where an arc drawn 
with a radius equal to the length of 
the recording stylus will just touch 
the dynamometer card at each end. 
With this same radius of arc each 
one of the numbered timing cycles 
may be scribed off on the upstroke 
and downstroke. 

The polished-rod load vs time curve 


is then plotted by projecting the load 
characteristic on the same time base 
to which the displacement and veloc- 
ity curves were plotted. 

When the prime mover speed is re- 
corded with a recording tachometer, 
care should be taken to mark the po- 
sition of the speed at one end of the 
pumping stroke. As the popular type 
of tachometer also records one-secon 

“pips,” the variation in speed over 
one pumping cycle may be plotted in 
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aid modern drilling 


in All Fields 


Spang Cable Tools and Spang Packers have been developed 
in the belief that the best equipment and the best maintenance 
result in the most economical drilling. Spang Tools, built for 
rugged service, are known and preferred the world over. They 


are available through leading supply companies and field shops 
everywhere. 























Your Favorite Supply Dealer 
recommends and sells 
SPANG CABLE TOOLS 


D312—Swivel Rope Socke D360—Straight Drilling Bit F476—Solid Bored Friction Socket P124—Deep-Hole Special Bottom- 
D322—-Weldless Jar D368—Twisted Drilling Bit F481—Multi-Slip Collar Socket Hole Packer 
D328—Drilling Stem D380—Regular Bailer F482—Full-Circle 3-Slip Slip P131—Screw-Release Casing- 
D3230—Stem Pin F460—Center Rope Spear Socket Anchor Packer 
D335—Stem Box F467—Three Prong Grab F515—Reversible Casing Ripper 


MIGHER SPANG & CO. 


SEE BUTLER, PA. 


The Higher Standard 
THE PETROLEUM ENGINEER, Reference Annual, 1951 





the correct relationship with the rest 
of the curves on the same time axis. 

When the instantaneous velocity at 
a particular point is known, and the 
instantaneous load, the product of the 
two is proportional to the instanta- 
neous horsepower. When a sufficient 
number of points are considered, the 
instantaneous horsepower curve may 
be drawn showing what it would be 
without any counterbalance and also 
what it is with the counterbalance as 
measured at the polished rod. 

In order to check the horsepower 


curve, the area of the entire curve 
above the zero line may be measured 
with a planimeter and the average 
horsepower computed, and this should 
check with the regular polished-rod 
horsepower. 


In order to obtain the instanta- 


neous torque curve, the instantaneous 
speed of the crank is computed from 
the prime mover speed and the torque 
curve is then proportional to horse- 
power divided by the instantaneous 
speed. 

The following is a sample calcula- 


tion with detailed values from the 
analysis in Fig. 4. 


Sample Calculation 


1. Velocity Curve. 

Overall length of timing wave — 
3.68 in. 

Measured length of polished-rod 
stroke = 64 in. 

Overall reduction ratio = 64/3.68 
= TA 

Consider the increment of travel 
between points 9 and 10. Each half 


cycle has been numbered. 
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WORLD HEADQUARTERS 


WELL CAPPING. 


Again Cameron equipment has flown to the 
rescue of operators in distress on opposite 
sides of the world. To Venezuela and Iran, 
on recent consecutive week-ends, were flown 
special capping manifolds fabricated from 
Cameron Pressure Operated Valves and 
Wellhead Equipment as prescribed by the 
famous wild well fighters of M. M. Kinley Co. 


Cameron's incomparable equipment, ex- 
perienced men, and versatile shop facilities 
are indispensable factors in getting the job 
done promptly, correctly, and satisfactorily. 


Cameron invites operators who require 
assistance in emergencies—or with their 
day-to-day well control problems —to make 
full use of its facilities and experience. 





CAMERON IRON WORKS, INC. 


P. O. Box 1212, Houston, Texas 
Export: 74 Trinity Place, New York, N. Y. 
Represented in the sterling area by: British Oil 
Field Equipment Co., Ltd., London, $.W.1 














ROK 
NO- NW SAD N@BWOOH 


ry 


RECORDED TIMING 
WAVE 


10 CYCLES 
PER SECOND 


RECORDED POLISHED ROD 


LOAD _AND MEASURED 
COUNTER BALANCE 





UPS TROKE 


1 
LOAD - 1000 LBS. 











4 





IQ 14 16 18 20 22 24° 
HARMONIC MOTION. i; titi ia 








+ 1 ime | | 


ae. 















































| UPSTROKE — 


INCHES PER SECOND 


UPSTROKE DOWNSTROKE 














POLISHED ROD 
DISPLACEMENT 


VS. 
TIME 


POLISHED ROD 
VELOCITY 


VS. 
TIME 


a, - LOAD 

















TIME 
A— HORSEPOWER WITH NO 
COUNTER BALANCE. 
B- HORSEPOWER WITH 7950 
UPSTROKE AND 7100 
DOWNSTROKE CB EFFECT. 
HORSEPOWER 
= vs. 
+ TIME 
o 
a. 
ENGINE SPEED % 
a) Rite fe) 
x 
a! 
am 
KINEMATIC z 
ANALYSIS 8 TORQUE 
=} VS. 
z TIME 
3 ’ 
5 0 2 4 6 8 10 12 14 16 18 20 22 
TIMING CYCLES 
FIG. 6 (10 CYCLES /SEGOND) 
| 
bh 






ZERO 





BASE REF. LINE 





B-58 





THE PETROLEUM ENGINEER, Reference Annual, 1951 


UPSTROKE 


DOWNSTROKE 





Un 





Distance from point 5 to 6 = 0.336 


‘Since the timer frequency in this 
case = 7.26 cycles per sec. the aver- 
age velocity from point 5 to 6 (44 


cycle) would be: 
0.336 X 17.4 = 85 in. per sec. 


2x 7H) 
2X 7.26 


This value is then plotted midway 
between 1% cycle 5 and 6 as shown at 
point. 

9. Instantaneous Horsepower Cycle. 

Now consider the number 6 point 
for calculation of instantaneous horse- 
power. 

From velocity curve, velocity = 86.0 
From load curve, load = 15,400 
A. Instantaneous horsepower no 
counterbalance: 
Load X Velocity 
12 X 550 
15,400 X 86 __ 
is x50 7 


B. Instantaneous horsepower 10,600 
lb counterbalance effect: 
Unbalanced load = 15,400 — 10,600 


(15,400—10,600)86 
I2x%550  ~ °° 


C. Instantaneous horsepower coun- 
terbalance effect corrected to 9000 








hp = 








hp = 


(15,400—9000) 86 
12 X 550 


3. Instantaneous Torque Curve 
Consider number 6 point for calcu- 
lation of instantaneous torque. 
From the fundamental relationship: 
— 27(rpm) (torque) 
P=" 33,000 (12) 
The expression for torque becomes: 
T= 63,000 * HP 
= — 
Then for the above B condition: 
T= 63,000 62.5 
sae 26 
= 150,000 in.-lb 
For the C condition: 
T= 63,000 83 
= 26 
= 190,000 in.-lb. 
All of the sample calculation points 
are circled on Fig. 4. 
The present formula for calculating 
peak torque, as given in API Std 11. 
» has been discussed on many occa- 
sions and found to give misleading 
results, but it has served the purpose 
of m aking everyone cognizant of the 
fact that gear boxes should be rated 
On « peak-torque basis rather than a 
horsepower basis as they were origi- 
nally. In making computations for 
peak torque, the following procedure 
has been found to give results closer 
to the measured results because the 
cour 'erbalance effect is not taken as a 


hp = = 83.0 
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certain definite percentage of the peak 
load, but rather a mean between the 
peak load and minimum. 

The peak load is calculated as fol- 


lows: 
(1+ C) 


PL = W;: +W, 

Wherein: 

PL = polished-rod load, lb 
W; = weight of fluid, lb (area 
of plunger-area of rods) 
X (psi) 
W, = weight of rods, lb 
L = length of stroke, in. 
N= number of strokes per 
minute. 

_, a 
70,500 
The minimum load is calculated as 

follows: 

PL (min) = W,(l-c) — Wr X 62.5 

490 

Values of W, and c are the same as 
used for peak load. 

The amount of counterbalance ef- 
fect is then taken as the mean and the 
unbalanced load as the difference be- 
tween this effect and the maximum 
and minimum loads. 

This unbalanced load multiplied 
by half the length of the stroke gives 
the peak torque. 

This procedure also ties in closely 
with the theoretically correct counter- 
balance, which is the weight of the 
rods plus one-half of the fluid weight. 

The simplicity of the present API 
formula is commendable but it is felt 
that this could be supplanted by an- 
other simple relationship such as the 
one given above, which would get 
closer to the answer. 

In using all of the various counter- 
balance tables which are presented by 
the various pumping-unit manufac- 
turers, it is found that there is consid- 
erable misunderstanding and as a 
consequence these tables lose a great 
deal of their effectiveness. In many 
cases it is very difficult to identify the 
type of crank and weight in the field 
to tie it in with the tables given. 

It is proposed that steps be taken 
to simplify the presentation of the 
counterbalance effect so that it may 
all be tied in with the measurements 
that can be made readily in the field. 
This should result in an advantage to 
everyone concerned. 


C=acceleration factor 
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Results From Increased Flooding Pressures‘ 


T us paper is primarily concerned 
with the practical aspects of changes 
in flooding pressures over relatively 
short periods on actual leases. As 
background information, however, 
the following comments are pertinent 
to the present discussion. 

The precise mechanism of fluid 
flowing through an oil sand is imper- 
fectly known. The currently accepted 
theory for reservoir engineering de- 
nies the possibility of materially ef- 
fecting the ultimate recovery of oil 
by changing pressure gradients. On 
the basis of this theory, Dickey and 
Buckwalter' in 1946 discussed the 
advantages of increased injection 
rates at water input wells. 

In that paper, they gave both mathe- 
matical computations and a few ex- 
amples, to illustrate a definite eco- 
nomic benefit to be derived from in- 
creased injection rates. It was pointed 
out in that paper that an increase in 
pressure late in the life of the flood 
would almost automatically result in 
an inerease in ultimate recovery due 
to the fact that operating costs are 
relatively constant for moderate 
changes in fluid through-put. 

\ttempts have been made to inves- 
tigate the effects of variations in pres- 
sure gradient on the flooding proc- 
esses in the laboratory. The resulting 
data have been somewhat conflicting 
and there are still proponents on both 
sides of the question of high pressure 
vs low pressure. 

J. W. Breston and Richard V. 
Hughes® reviewed some of the more 
pertinent laboratory data and pre- 
sented their own data showing a defi- 
nite benefit in ultimate oil recovery by 
the use of higher pressures in long 
core experiment. As pointed out in 
that paper, all laboratory experiments 
are subject to challenge on the basis 
that they do not entirely duplicate 
field conditions, It is an interesting 
fact, however, that the closer and 
closer laboratory experiments ap- 
proach conditions believed to exist in 
the field, the more and more they in- 
dicate that increased pressures yield 

;Presented at the spring meeting, Eastern 
District, API Division of Production, Colum- 
bus, Ohio, April 3, 4, 5, 1951. 

1Parke A. Dickey and John F. Buckwalter, 
“Secondary Recovery of Oil in the United 
States,” Second Edition, American Petroleum 
Institute, 1950, Pages 344 to 349. 

*Joseph W. Breston and Richard V. Hughes, 
“Range Between Pressure and Recovery in Long 
Core of Water Flooding,” TP 2591, American 
Petroleum Institute, Journal of Petroleum 


Technology, Volume 1, No. 4, 1949, Pages 100 
to 110. 
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E. T. Heck* and J. C. Vaughn* 


more oil. Some of the material pre- 
sented in this paper seems to support 
Breston and Hughes. 

As expressed above, the primary 
purpose of this paper is to study the 
practical aspects of increasing pres- 
sures on existing floods. Oil field per- 
sonnel have repeatedly objected to in- 
creasing pressures for a variety of 
reasons. For example: 1. The in- 
creased pressure will result in nu- 
merous water leaks in the pressure 
lines. 2. The increased pressures will 
result in a marked increase in pulling 
costs on the oil wells. 3. The increased 
pressures will result in putting a lot 
of water through the sand without a 
similar increase in oil (i.e., increased 
water-oil ratios). 4. The cost of 
energy to inject the water and pump 
the oil wells will increase out of all 
proportion to any benefits derived. 
The data presented herein are in- 
tended to answer these specific ques- 
tions. No effort is made to plot the 
material to show the long range ef- 
fect of increased pressures on ullti- 
mate oil production. 


Discussion of Data 


Fig. 1 shows the pertinent informa- 
tion with respect to the Brooks lease, 
situated in the Bradford field in Penn- 
sylvania. Shown on the graph are the 
plant pressures involved, the number 
of water line leaks reported, the num- 
ber of oil wells pulled and the rate 
of oil production. 

This lease has been under flood for 
approximately 8 years. As so fre- 
quently happens, both the number of 
water line leaks and frequency at 
which oil wells are pulled fluctuate 
greatly. There is, however, a very 
definite increase in the number of 
water line leaks coincident with the 
pressure increase. This is particularly 
true in August and September, 1950, 
when the pressure was raised to about 
100 psi plant pressure. The number 
of leaks did, however, return to what 
appears to be the normal level during 
October, November, and December, 
1950, so that this particular effect was 
only temporary. There was no ob- 
served increase in the number of oil 
wells pulled following the pressure in- 
crease. The oil production curve on 
Fig. 1 is not plotted in a manner that 
would permit a direct quantitative in- 
terpretation of the effect of increased 


~ *Quaker State Oil Refining Corporation, 
Bradford, Pennsylvania. 


pressure on the oil productio:: rate, 
The fact that there was an increase 
in oil production is, however, readily 
apparent. The following figures are 
pertinent to the economics of this 
pressure change on the Brooks /ease, 
The plant pressure was raised from 
950 lb to 1100 lb, which means a sand 
face pressure increase from 150) |b to 
1650 lb. This is a 16 per cent in. 
crease in energy in the form of water 
pressure at the pressure plant and a 10 
per cent increase in effective water 
pressure delivered to the sand face at 
the injection wells. The rate of water 
injection increased 12.5 per cent as 
a result of the pressure increase. The 
rate of water production increased 
only 6.5 per cent. The rate of oil pro- 
duction increased 16.5 per cent. The 
combined gas and electric cost for the 
lease increased 14 per cent following 
the pressure increase and as this cost 
of energy represents only 20 per cent 
of the total lifting cost, the over-all 
increase in lifting cost was only 2.8 
per cent. 

Fig. 2 shows similar information 
for the Burns lease in the Bradford 
field in Pennsylvania. This lease has 
been under flood for 14 years. On this 
lease, certain physical difficulties re- 
sulted in wide variations in water 
pressure. The main pressure increase 
takes place from June to September, 
1949. On this lease, there was no no- 
ticeable relation between the pressure 
changes and the number of leaks in 
the pressure system. Likewise, there 
was no definite observational relation- 
ship between the date of pressure 
change and the number of wells 
pulled. It could be argued, however, 
that there were some additional wells 
pulled as a delayed effect of the pres- 
sure increase. The marked increases 
in oil production at two definite pe- 
riods in 1948 are due to other causes. 
Insofar as is known, however, the in- 
crease in oil production in 1949 was 
directly due to the pressure that was 
increased from June to October of 
that year. The plant pressure was 1n- 
creased from 800 to 950 Ib, which 
is an increase of nearly 19 per cent. 
The sand-face pressure increased 
from 1250 to 1400 lb or 12 per cent. 
The water intake rate increased 16.2 
per cent after the pressure increase. 
The oil production rate increased 16.5 
per cent. The total cost for energy 
(gas and electric) increased 7.7 per 
cent per month. As the cost of energy 
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are the standard 
in the oil industry 


For more than 70 years Link-Belt’s products have faithfully served 
world-wide industry. For original equipment manufacture, as 
well as for replacement parts, the Link-Belt trademark has always 
been the Standard for those who drill for and produce oil. Some 


of our products are shown here . . 
described in your Composite Catalog. 
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Radial thrust, self-contained, preadjusted 
roller 
bores—press-fit or adapter type mounting. 
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A. P. I. ROTARY CHAINS 


Link-Belt manufactures a complete line of 
A.P.I. oil drilling chains for every drilling 
service. A complete line of these chains is 
available which includes A.P.I. 3 and A.P.I 
4 Red-Hed, SS-3125 Hyper Single and 
$S-3125 Hyper Double, SS-40 Hyper, 
SS-124 Three-Bar Hyper and A.P.I. 4 Super 
Hyper. Well balanced design, proper selec- 
tion of materials and accuracy in manufac- 
ture make these chains the strongest, most 
dependable for the severe service encoun- 
tered in oil well drilling. These chains can 
be operated on cut tooth sprockets and we 
suggest their use for smooth, uninterrupted 
operation. 
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Available in single or dual sizes... 
in three unitized sizes, including intake 
boxes: NRM-124—24”x48”, NRM-145— 
48”x60” and NRM-134—36"x48”. Spec- 
ify dependable L-B Shale Shakers. They'll 
keep you out of mud trouble. 
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ENCLOSED DRIVES 


The Link-Belt line includes: Herringbone 
and Worm Gear Drives, Gearmotors, Fluid 
Drives and P.I.V. Variable Speed Drives. 
They are available in a variety of sizes. 
Regardless of your specific needs for ratio, 
power or speed, we have the correct an- 
swer, and our engineers. will be pleased to 
assist you with your Speed Reduction prob- 
lems. 
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represents 29 per cent of the total di- 
rect operating cost on this lease, the 
over-all increase in cost was only 2.2 
per cent per month. 

Fig. 3 shows. similar information 
for the McManus lease also situated in 
the Bradford field in Pennsylvania. 
This lease had been under flood for 
four years prior to the pressure in- 
crease in October, 1948. There was no 
reflection of the increase in pressure 
in either the number of water line 
leaks or the number of oil wells pulled 
on this lease. This is a small lease 
permitting a very close control of all 
operating conditions. In the middle of 
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1949, there was a mechanical failure 
of the pressure pump resulting in the 
pressure plant being shut down for 
three days. A study of the oil produc- 
tion rate shows a marked drop extend- 
ing over approximately sixty days. 
Quantitative study indicates a loss of 
5 per cent of the total oil production 
for this period. Three days out of 
sixty also represent a stoppage of 
pressure for five per cent of the pe- 
riod. There is no evidence from the oil 
production curve that any of this lost 
oil has been recovered to date. 

As shown on the graph, the plant 
pressure was increased from 800 Ib 


FIG, 2. 






WELLS PULLED 


FIG. 4. 


PRESSURE 


WATER LINE 





to 1000 Ib which is an increase of 
25 per cent in energy required. The 
sand-face pressure increased from 
1290 lb to 1490 lb which is an in- 
crease of 15.5 per cent. The water 
input rate as shown by individual 
well meters, increased 23 per cent:° 
the rate of produced oil increased 20 
per cent as of the second month after 
the pressure increase. The gas and 
electric service on this lease is com- 
bined with other installations. Calcu- 
lated from the energy demand given 
above and using a figure of 20 per 
cent as the portion of the lifting cost 
due to energy requirements: we arrive 


3It should be pointed out that there is oat 
siderable diffieulty in getting individual meter 
to accurately record the water injected 
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Stabilize your drill stem with the CP Stabil- 
izing-Reamer. 
Properly placed in your drill stem, you may 
expect to— 
e Cut drilling time and costs by applying 
more weight to the bit. 
e Minimize “dog legs” caused by drill 
stem buckle and whip. 





Smooth Rollers for 
drill stem bearing 
effect only. 


e Apply more weight before drill collar 
buckle point is reached. 
Prompt service is assured in the Mid-Continent, 
Rocky Mountain and Canadian fields for CP 


Stabilizing-Reamers with connections and O.D. 


Regular Reamer (= 
Cutters for drill » 
stem bearing ef- | 
fect and to keep 
holes out to gauge. 


| to match your drill collars. 


© 


Cuicacea Pneumatic 
TE6L COMPANY 


MANUFACTURED AT FRANKLIN, PA. 





GENERAL OFFICES: 6 EAST 44th STREET, NEW YORK 17, N. Y. 


Oil Tool Sales Office: One N. W. 16th Street, Oklahoma City, Oklahoma 


In Cancda: 10103 81st Avenue, So. Edmonton, Alberta, Canada @ In Mexico: Mexico, D. F., Rosas Moreno No. 41, Tampico, Tamps., Apartado No. 174 
Special Export Agent: E. F. Gahan, Inc., 500 Fifth Avenue, New York 17, New York (West Indies, Central and South America, exclusive of Mexico) 
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at an over-all increase in lifting cost 
of five per cent because of the pres- 
sure increase. 

Fig. 4 shows similar information 
for the Stowell lease also located in the 
Bradford Field in Pennsylvania. This 
lease has been under flood for a period 
of twelve years prior to the pressure 
change in December, 1949. On this 
lease, there was a direct reflection of 
the pressure change in both the num- 
ber of leaks in the water lines and in 
the number of oil wells pulled. A study 
of the figure indicates that the number 
of water line leaks have, however, re- 
turned to a level that would be ex- 
pected in the over-all trend. Although 
the number of wells pulled did not 
drop as quickly after the pressure in- 











LOOK TO 


JENSEN 


FOR BETTER PUMPING 


You get MORE of the good 
things and LESS of the bad, when 
you standardize on JENSEN Pump- 
ing Units. 


MORE years of trouble-free serv- 
ice, more production, more profits, 
more for your money—with JEN- 
SEN’s. 

LESS down time, less repair costs, 
less investment—with JENSEN’s. 


You can just naturally expect 
more from JENSEN’s—and we'll 
see that you get it! Write Coffey- 
ville now or call your nearest sup- 
ply store. 


JENSEN 


BROTHERS MFG. CO. 


Coffeyville, Kansas, U. S. A. 


Export Office: 50 CHURCH STREET 
NEW YORK CITY 
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FIG 5. STOWELL LEASE. 







P.S.1. 


crease as the water line leaks, it was 
evident that here too, the number of 
wells pulled is declining to a rate simi- 
lar to that prevailing prior to the pres- 
sure change. 

An attempt was made to obtain fig- 
ures on the cost changes connected 
with the pressure increase on this 
lease. Unfortunately, there were num- 
erous other changes made on this 
lease at about the same time as the 
pressure increase. It does not appear 
to be feasible to attempt to separate 
the figures. The changes made on this 
lease involved a complete revamping 
of the pressure system and it appears 
probable that the expense of the 
changes was considerably higher than 
shown for the other leases. 


Water-Oil Ratios 


While the foregoing discussion 
largely answers the various points 
raised in the introduction, it was felt 
that additional supporting informa- 
tion was needed with respect to Item 
3 relative to the water-oil ratios. The 
metering or measurement of the water 
produced on any lease presents many 
practical complications. The method 
finally adopted was the use of record- 
ing floats with V-notch weirs. 

Weirs were installed on the Stowell 
lease a few weeks before the major in- 
crease in plant pressure in 1949, Un- 
fortunately, there were various rea- 
sons why the readings during this 
early period were not considered re- 
liable. The increase in fluid produced 
necessitated a change from a 6-day 
pumping schedule to a 7-day pump- 
ing schedule. Several wells were 
cleaned out about the same time. In 
addition, considerable mechanical 
trouble was experienced with the 
weirs. Rapid build-ups of paraffin and 
scale on the weir notches were par- 
ticularly troublesome. It was not until 
April, 1950, that conditions were 
finally stabilized sufficiently to obtain 
usable measurements. 

Fig. 5 shows the plant pressure on 
the Stowell lease plotted with the 
produced water-oil ratios. In plotting 
the information, it was found that it 
was necessary to average both the 
pressures and the produced water-oil 
ratios. The method used was to aver- 
age three weeks’ readings and plot as 
one in what is known as a “roll” aver- 


PLANT PRESSURE 


WATER TO OIL RA 


“RATIO 


1950 


age. For example, Weeks 1, 2, and 3 
were averaged and plotted as No. 1. 
Weeks 2, 3, and 4 were averaged and 
plotted as No. 2. Weeks 3, 4, and 5 
were averaged and plotted as No. 3. 
Toward the end.of June, 1950, there 
was a progressive decline in pressure. 
The resulting water-oil ratios in July 
increased materially. The pressure 
was increased in August and more 
particularly in September. As a result. 
the water-oil ratios appeared to de- 
cline. A drop in pressure in October 
resulted in a rapid increase in water- 
oil ratios. A better average pressure in 
November apparently held or reversed 
this trend. 

Fig. 6 shows similar information 
for the Brooks lease. Here, the major 
pressure increase occurred late in Au- 
gust, 1950. There was a marked reduc- 
tion in the water-oil ratios occurring 
in September. A drop in pressure in 
the latter part of September and early 
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Benjamin Franklin performed a famous 
experiment 200 years ago, which had a 
counterpart in the investigations of ground 
potentials carried on much later by the 
Schlumbergers. Franklin proved the exist- 
ence of positive and negative electrical 
charges by flying a kite in a rainstorm. 


This early experiment in the field of natural electrical potentials en- “a 
potentia 
meable Dae 
tical value. The measurement of ground potentials in bore holes by the rent dish 


couraged other investigators to start and continue work of increasing prac- 


Schlumbergers was one such important development. The resulting sponta- above sch 


neous potential curve was added to the already existing resistivity curve to 
complete the fundamental Electrical Log. The development, now only twenty 


years old, has had an increasing influence on oil exploration and pro- 
duction. 


Schlumberger pioneered the electrical log and has been 
the unquestioned leader in the field of electrical oil well 


servicing ever since. 


SURVEYING CORPORATION e HOUSTON 




















October resulted in an increase in 
water-oil ratios. Similar results were 
obtained on later pressure changes, It 
is well to point out again that the 
method of averaging used trends to 
smooth out minor irregularities. It is 
felt, however, that the general trend 
shown is valid. 


Summary 


The limitations of field data should 
always be kept in mind in any studies 
of this type. Usually there are several 
factors that can give similar effects. 
it is necessary, therefore, to look at 
the over-all trend and to consider a 
sufficient number of cases. The writers 
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FIG. 6. BROOKS LEASE. 
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CHOKES GIVE YOU 


Tour Start tovibility 


The O-C-T Type “N” Adjustable Choke 
has earned its reputation as the most 
popular choke in the field by outstand- 
ing, dependable performance. In 
combination with O-C-T Flow Tees, this 
choke can be used to make proration 
tests by simply backing off the yoke nut 
and inserting the proper size O-C-T 
FC-140 positive bean or O-C-T FC-141 
insert cage bean. Ask your O-C-T repre- 
sentative or write for complete 
mechanical details on the O-C-T Choke 
that gives you four star flexibility. 
Available through your supply store. 


Oil Center Tool GZ. 


P. O. Box 3091, Houston, Texas 


% For working 
pressures 
from 1500 to 
3000 Ibs. 
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terchange- 
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do not claim that the data presented 
herein are conclusive. However, the 
following summary appears to be jus- 
tified. 

1. Pressure increases on old leases 
may result in an increasing number of 
leaks in the pressure system for any 
given period. In the cases studied. 
however, the rate of occurrences of 
leaks seem to decline rather quickly to 
the level prevailing prior to the pres- 
sure increase. 

2. For the leases studied, the infor- 
mation was not conclusive with re- 
spect to the number of oil wells that 
needed to be pulled. Three leases 
showed no change. 

3. Insofar as could be determined 
on two of the leases, not only was 
there no increase in water-oil ratios as 
a result of presure increases; but, on 
the contrary, there was distinct evi- 
dence of a decrease in water-oil ratios. 
These are the most surprising results 
to come from this study. If these find- 
ings are substantiated by further tests. 
it appears to the writers that it is very 
strong evidence that higher pressure 
gradients will result in a higher ulti- 
mate recovery of oil to any given 
water-oil ratio. 

4, Actual cost figures on two leases 
indicated that the increased costs due 
to the pressure increases were of the 
same magnitude as expected. The total 
increase in cost, however, was quite 
low. 
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Diamonds save plenty of money 
by drilling faster and farther 
than regular type bits. They save 
rig time and this means money 
in any man’s pocket. D&S core 
barrels have a record of full core 
recovery. This combination of 
Truco diamond bits and D&S core 
barrels is worth looking into. 


WORLD-WIDE SERVICE 
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for the money I saved 

\ using “/zaco diamond bits 
and D&S core barrels. 
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sequence to insure the successful set. 
ting of bridge plugs, production pack- 
ers, or other tools that are run o:: it. 
A firing head is attached to the elec. 
tric line and electrically ignites a ‘la. 
ment-type igniter. (This is accom. 
plished by mechanical means when the 
tool is run on a sand line.) The ig. 
niter, in turn, ignites the power charge 
(in the pressure chamber), which 
burns slowly and forms a gas that de- 
velops the necessary operating press- 
ure. The pressure thus developed is 
transmitted by means of the floating 
piston through a hydraulic fluid to the 
working piston, thence through the 
piston rod to the cross link, which 
transfers the downward push from the 
inside of the pressure setting assembly 
to the outside, and thence down to the 
lower end, where it serves to set the 
upper slips of the tool being run firm- 
ly against the casing. When the upper 
slips are wedged against the casing 
so tightly as to permit the friction at 
this point to overcome the weight of 
the setting tool, the pistons will no 
longer move downward but will re- 
main stationary, and the outside por- 
tion of the pressure setting assembly 
will start to move upward. This up- 
ward movement that is transmitted to 
the body or inner member of the tool 
being set will cause this portion of it 
to move upward, thereby setting the 


The Wire-Line Pressure Setting Assembly 


As Used to Set Tools Having Opposed Slips’ 


Tin wire-line pressure setting assem- 
bly was developed primarily to make 
available to the industry a means of 
setting tools having opposed slips in 
casing when run merely on the gun- 
perforating companies’ electric lines 
or, where cable-tool operations are in- 
volved, on the sand line if desired. 
his unit affords a fast, safe, and eco- 
nomical method of setting tools of the 
opposed-slip type at any _predeter- 
mined point in the casing. The devel- 
opment of the setting tool has an in- 
teresting history. Development work 
was begun in response to repeated re- 
quests from the field, and the work 
that followed before a practicable de- 
vice was offered to the industry repre- 
sents more than a decade of engineer- 
ing, development, and experimenta- 

*Baker Oil Tools, Inc., Houston, Texas. 

tPresented before the Spring Meeting, South- 


tern District, API Division of Production, 
Beaumont, Texas, March 7-8-9, 1951. 
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tion. Several approaches to the prob- 
lem were made. First, a spring-actu- 
ated type of tool was used. This was 
followed by a new setting tool in 
which forces were developed chemical- 
ly. A great deal of work was done on 
this new tool and a number of varia- 
tions were made before the develop- 
ment of the present tool. The question 
of a simple type of motive power pre- 
sented a major problem and consid- 
erable time was spent in the develop- 
ment of the power charge, which is 
the motive power in the wire-line 
pressure setting assembly. 


Construction and Operation 


This pressure setting assembly is 
primarily a device in which the prod- 
ucts of combustion are utilized for 
gradually developing a force through 
pressure. This motive force operates 
the various working parts in proper 
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lower slips and firmly packing off the 
packing element. As the pressure of 
the gas within the tool builds up (with 
the continuing combustion of the pow- 
er charge) it reaches a point at which 
it is sufficient to part the release mem- 
ber. The parting strength of the re- 
lease member is carefully controlled 
to insure a positive pack-off plus a 
reasonable margin of safety before 
the release member parts. Pressure In 
excess of 7000 psi is required to free 
the pressure setting assembly from the 
set tool. “O”-rings are used for seal- 
ing in all places where pressures are 
encountered. 

The tool to be run is attached by 
means of the proper adapter to the 
pressure setting assembly, which, in 
turn, is attached to the gun-perforat- 
ing companies’ line, or to the san 
line where cable-tool operations are 
involved. Correct “zero” point is es 
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IT TAKES TEAMWORK ! 


eto land a marlin...and to assure 
efficien? siush pump operation 


A 400-pound marlin is tough to handle . . . but expert teamwork will do it! Teamwork 
of precision parts is also what it takes to assure efficient slush pump operation. 
Piston, rod, liner, and packing must be in perfect alignment . . . must be a perfectly 
matched, precision team! Valves must be equally efficient and reliable. 


The MISSION “Super Service” Liner rounded out the famous MISSION team of 
expendable slush pump parts. It is accurately bored, induction hardened to uniform 
case thickness, precision honed, and “Satin Finished”. These MISSION parts con- 
cc aeg a stitute a perfectly mated team, unbeatable for reliability, efficiency, economy. — oa 
Aelia Your supply store handles them . . . Mission Manufacturing Co., Houston, Texas. yer g acne 

Export: 30 Rockefeller Plaza, New York. European Address: London, England. 
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. . for a familiar file on Otis surface and tubing safety 
valves, bottom-hole production tools, two-zone 
completion and production equipment, wire line 
services, caliper surveys for internal pipe-corrosion, 
and exclusive Otis methods of running and pull- 
ing tubing, casing, and drill pipe under pressure. 


Oris PressurE CONTROL 


~ outstanding in the Industry 











and Otis Catalog 





write on your firm's letterhead to Otis at Box 7206, 
Dallas, or call your nearest Otis field office. 
There’s no obligation . . . no salesmen will call; 
but we encourage operators to have this tech- 
nical information and operating data on file. 


DALLAS ® HOUSTON * CORPUS CHRISTI « VICTORIA © ODESSA 
FALFURRIAS ¢ LONGVIEW » OKLAHOMA CITY e ELK CITY 
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tablished, and the entire assemb!y js 
run at a safe speed to slightly below 
the desired setting point, then picked 
up to the desired setting point. This 
procedure is followed in order is be 
sure that all of the stretch is out o/ the 
electric (or sand) line. The circuit is 
then closed. This causes the tov! to 
set and the pressure setting assembly 
to release in a matter of seconds. The 
gun-perforating companies’ trucks are 
all equipped with weight indicators, 
and a definite indication will be seen 
on the weight indicator when the tool 
is set. A loss of weight will show on 
the weight indicator during the set- 
ting of the tool, as the pressure se’ ting 
assembly moves up the hole slighth 
during the setting operation. There is 
practically no recoil when the release 
member is parted, because the sinall 
orifice in the cylinder connector acts 
as an effective hydraulic dampener. 
No strain is imposed upon the electric 
line. 

As soon as the release member is 
parted, the pressure setting assembly 
is removed from the hole, the inter- 
nal pressure released, and the electric 
(or sand) line removed. 


Advantages 


When tools of the opposed-slip type 
are run on the wire-line pressure set- 
ting assembly, a distinct saving of 
time results in all cases where ihe 
depth of the setting point is a faetor, 
inasmuch as this procedure eliminates 
a round trip with the tubing, which 
would be required if the tools were 
run on tubing or drill pipe. (The dan- 
ger of premature setting is practically 
eliminated when the tools are run on 
the wire line. If any foreign matter 
sufficiently large to stop the tool is in 
the well fluid, loss of weight will be 
shown on the weight indicator imme- 
diately and the tool can be picked up. 
If the same thing should happen when 
running the tool on tubing or drill 
pipe, it is quite possible that suflicient 
weight could be applied before the 
downward travel could be stopped to 
cause premature setting of the tool.) 
Forces of up to 50,000 lb are exerted 
by the pressure setting assembly, the 
force being regulated by the size of 
the release member which is machined 
to very close tolerances. This insures 
that the proper amount of pull is ex- 
erted on each of the various sizes of 
tools set. 

Other “down-hole” tools that can 
be run on the wire line pressure set- 
ting assembly are in the process of de- 
velopment; and, in time, these will 
take their place in the oil industry. 

The pressure setting assembly con: 
nected to a casing bridge plug 3 
shown in Fig. 1; the assembly al- 
tached to a production packer 1s 
shown in Fig. 2. eee 
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THE WORLAND, WYOMING FIELD 
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Unitization helped in efficiently producing this 10,000-ft field 
with its low reservoir temperature and high hydrogen sulfide gas 


Oy the basis of a structure indicated 
by reflection seismograph work, The 
Pure Oil Company assembled a unit- 
ized block of acreage in Washakie 
County, Wyoming during 1943. This 
block was designated the Worland 
Unit. The Worland field lies in the 
southern part of the Big Horn struc- 
tural basin. The field is an anticlinal 
structure trending generally north- 
west-southeast and having approxi- 
mately 1000 ft of closure in the Em- 
bar (Phosphoria) and approximately 
700 ft of relief in the Frontier zone. 
Geographically, the Worland field 
is in the north central part of Wyo- 
ming 9 miles north of the city of Wor- 
land. The majority of the area is un- 
der cultivation being irrigated with 
water from the Upper and Lower 
Hanover canals on the east and the 
Big Horn Canal on the west sides of 
the field. The northwest part of the 
field is in the semi-arrid “badlands” 
west of irrigation facilities. The Big 
Horn river flows through the field 
on the north-south trend dividing it 
into approximately an east and west 
half. Hard surface highways, U.S. 
No. 20 and a Wyoming state secon- 
dary, bound the field on the east and 
west. Railroad, telephone, electrical 
power, and sweet gas facilities are 
available in the immediate field area. 
Surface elevations are approximately 
4000 ft and the annual precipitation 
of 10 in. does not cause appreciable 
interference from rain or snowfall. 


Discovery 


The discovery well, The Pure Oil 
Company’s Worland Unit 1-E, was 
spudded in near the assumed crest of 
structure on June 11, 1945. A string 
of 7 in. casing was set at 10,242 ft 
near the top of the Tensleep sand on 
February 9, 1946. On March 12, 1946, 
the total depth of 11,379 feet was 
reached in the Big Horn dolomite. 


*The Pure Oil Company, Worland, Wyoming. 
. tPresented at the spring meeting of the 
ocky Mountain District, API Division of Pro- 


duetion, Gladstone Hotel, Casper, Wyoming, 
April 19-20, 1951. 
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Cores recovered in the Embar (Per- 
mian) zone, a dolomitic limestone sec- 
tion, had shown indication of a slight 
gas show. In order to test this zone 
Unit 1-E was plugged back to 10,131 
ft and was perforated from 9990 ft 
to 10,055 ft or through a 65 ft inter- 
val. A drill stem test was run on this 
perforated zone, however, it was nec- 
essary to discontinue the test after 
1314 min because the toxic hydrogen 
sulfide gas endangered the lives of 
personnel present. The well was com- 
pleted for a production test by run- 
ning a production packer and 10,047 
ft of 214 in. tubing on March 21, 
1946. Initial production tests indi- 
cated the well potential to be 165 bbl 
of 43.5 API gravity light green oil 
per day with a gas-oil ratio varying 
from 4900 to 15,000. 

The possible complexity of opera- 
tions in the field was immediately ap- 
parent when an abnormal decline in 
well productivity denoted mechanical 
trouble in the well. The running of a 
measuring line found the tubing to be 
plugged with hydrates. The accumu- 
lation was eventually drilled out with 
small wire line tools, This job, too, 
was further complicated in that new 
hydrates would form nearly as rapidly 
as the original were drilled out. Con- 
tinued operations opened the tubing 
through approximately 2800 ft of hy- 
drate accumulations. 

The operators were now faced with 
a two-fold problem—the methods by 
which to produce these well fluids and 
the associated problem of adequately 
protecting personnel and property 
from the toxic gas. 

The formation of hydrates in the 
tubing was reduced by the first in- 
stallation of a hot fluid circulating 
system. The fluid used in the original 
system was water, however, the in- 
corporate disadvantages of water in 
below freezing temperatures led to the 
adoption of oil as the circulating fluid. 
This installation demonstrated that 
the field could be produced commer- 
cially. 


Although a major production prob- 
lem had been corrected, continued 
tests encountered additional problems 
peculiar to a field of this type. Even 
after hydrate accumulation was alle- 
viated by use of the hot circulating 
fluid, a black substance of an asphal- 
tic base combined with foreign ma- 
terials tended to plug the tubing. This 
material has been termed asphaltine 
by various parties. Production into 
the burn pit eventually cleaned the 
well. The failure of spring steel in 
conventional bourdon tube type gages 
presented a hazard around the well as 
these failures allowed escape of the 
gas. This trouble was corrected by 
using a gage in which the bourdon 
tube assembly was isolated from the 
well fluids by a diaphragm type pro- 
tector. The tube assembly is blycol 
filled to the diaphragm in order to 
provide positive transmittal of well 
pressure. 

While continuing production tests 
at Unit 1, failure of sub-surface ma- 
terial became apparent when well 
pressure entered the circulating sys- 
tem either through the packer leaking 
or a part in the tubing. The well pres- 
sure opened a crack in a hydraulic 
swedge nipple between the tree and 
valve on the circulating system 
thereby allowing a large volume of gas 
to escape to the atmosphere. As there 
was no immediate way to stop the 


‘leak, inhabitants in the vicinity were 


evacuated. In order to prevent fur- 
ther accumulation of the gas, tracer 
bullets from a high powered rifle were 


’ fired into a gas pocket at the well to 


set it on fire. Remedial operations 
were started immediately and the well 
was killed 17 days later. After work- 
over operations were begun, it was 
found that the tubing had parted in 
a coupling 2449 ft from the surface. 
The well was placed on production in 
April 1947. Worland Units 2-E and 
3-E had been successfully completed 
during this time so that development 
of the field was continuing. 
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Development 

he drilling rigs used in Worland 
were in general consolidated rigs with 
a rated depth capacity of 10,000 ft 
with 41% in. drill pipe. The usual der- 
rick was an 850,000 lb capacity, 30 
ft base by 136 ft high. 

The major drilling problem in the 
field has been with drilling fluid in an 
attempt to receive maximum drilling 
efficiency and reduce frequency of lost 
circulation. 

four general types of drilling muds 
were used with varied results, these 
being starch, lime, sodium carboxy- 
methyl cellulose and caustic-quebra- 
cho. The various types were tried in 
order to secure a minimum loss of 
water and/or mud to the various por- 
ous formations, particularily the pro- 
duetive zones of the Frontiers and the 
Embar. This was especially detrimen- 
tal in the Embar as cores showed mud 
blocking in the vugs and fractures. 
The most used mud was caustic-que- 
bracho, as experience proved this to 
be satisfactory. To drill the Embar, it 
was endeavored to have the mud at a 
viscosity of 45-55 seconds, weight of 
9.5, PH of 9+ and a water loss of 
3-5 cc. 

The upper portion of the Embar 
limestone presented the greatest loss 
of circulation problem. Although it 
did not occur in all wells, it was the 
case rather than the exception. It 
varied from a minor to a severe loss in 
that several wells took the volume of 
mud in the hole and a large portion of 
that available in the pits. Circulation 
was regained through the use of stan- 
dard materials such as mica, ground 
cellophane, and shredded cane. 

Loss of circulation in the Frontier 
formation was not of the magnitude 
encountered in the Embar and was 
corrected by the addition of small 
quantities of bulk material to the drill- 
ing fluid. Minor cases of loss of cir- 
culation were encountered in the 
lower part of the Cody formation; 
however, these were corrected through 
mud conditioning. Although loss of 
circulation constitutes a major prob- 
lem in Worland, the most detrimental 
effect and seriousness of the problem 
arises from the mud reducing the per- 
meability of the productive horizon 
rather than the possibility of a blow- 
out or continued loss of circulation. 
In general, the loss of circulation 
problem in Worland is not as serious 
as that in many fields in the Rocky 
Mountain area. 

Two types of well completions have 
been used in the Embar of the Wor- 
land field: The productive zone was 
drilled and 7 in. oil string was set on 
hottom and gun perforated for pro- 
duction: or the oil string was set in 
the top of the Embar before drilling 
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into the pay section. Usually the set- 
ting of casing through the productive 
zone was occasioned by the desire to 
test zones below the Embar or in the 
belief that the gas-oil ratio could be 
better controlled through selective 
perforating. Wells high on the struc- 
ture (Embar top at —5900 to —6200 
ft) had a tendency to produce oil of 
37-45 API gravity at a gas-oil ratio 
of 5000 to 18,000 cu ft per barrel. 
Lower wells ( —6200 to —6600) pro- 
duced oil of API gravity ranging 
from 20 to 38 deg and gas-oil ratios 
between 1500 and 4500 cu ft per bar- 
rel. Production history did not indi- 
cate that selective perforating ma- 
terially affected the producing gas-oil 
ratio. As there were no other apparent 
advantages, the majority of the wells 
were completed with the oil string set 
from 2 to 5 ft into the Embar lime- 
stone. 

The possibility of hydrates form- 
ing in the drill pipe plus the inherent 
danger of escape of hydrogen sulfide 
during the test and while the tool was 
being pulled precluded much use of 
drill stem tests. 


The necessity for a hot fluid circu- 
lating system in completed wells was 
demonstrated in operations at Unit 
1-E. This involved isolating the cir- 
culating fluid from the well fluid by 
setting a production packer in the bot- 
tom of the oil string. Approximately 
3200 ft of 5 in. casing were swung in 
order to provide channels for flow of 
the heating fluid which acted to heat 
the tubing to a depth required to avoid 
hydrate formation. Procedure after 
running the 5-in. casing, and tubing, 
was to displace the mud with fresh 
water to which was added a formalde- 
hyde solution as an inhibitor against 
corrosion from well fluids. The water 
was displaced with oil for use in the 
hot oil circulating system. Well head 
connections were made and the tubing 
was landed in the packer to complete 
the mechanical procedures necessary 
to produce a well. Wells that did not 
flow naturally were swabbed in. Fre- 
quent failure of sand lines that had 
been in contact with sour well fluids, 
led to the use of galvanized lines and 
treatment of these lines in corrosion 
preventive organic compound bath. 
After the final pull of each day, the 
line was passed through the bath and 
laid out over-night rather than being 
spooled. The failure of sand lines and 
associated wire lines has been so se- 
vere that some service companies re- 
fuse to run their wire lines in wells 
producing appreciable amounts of 
sour fluids. 

The acidization of limestone has 
been effective in increasing produc- 
tivity of Embar wells. The normal 
procedure was an initial treatment of 


5000 gal of 15 per cent hydrochloric 
acid containing emuision breakiig, 
surface tension reducing, and co: ro- 
sion inhibiting agents, followed by a 
15,000 gal treatment of the same 1) pe 
acid. These quantities are average 
values as some wells were acidized 
with as little as 3000 gal, and others, 
with as much as 50,000 gal. 

Maintenance and supervision were 
complicated by the fact that the big 
Horn river separates the east and west 
sides of the field. There was no bridge 
in the immediate vicinity; conse- 
quently, an 18 mile trip by road sep. 
arated the two areas. Bridges are sil- 
uated at Rairden north of the field: 
and Worland, south of the field—-the 
distance being approximately ihe 
same either way. As development con- 
tinued simultaneously on both sides 
of the river, a camp and a stock point 
were established on each side. An FM 
radio network was installed to assist 
in control of field operations and to 
provide an emergency communication 
system. Transmitting and receiving 
sets were placed at the field produc- 
tion office, cars, and residences of su- 
pervisory personnel, rotary drilling 
rigs, and in switchers pickups. 

Earthen dikes and pipe stanchions 
were placed around wells, tank bat- 
teries and production facilities in the 
river bottom to protect these installa- 
tions from river ice in the event of an 
ice jam. 


System Heaters 

The most economical and eflicicut 
method of reducing the detrimental 
hydrate formation in well fluid flow 
facilities was the application of heat. 
The hot oil circulating system furn- 
ished heat to the well tubing and flow 
line heaters transfer heat for surface 
installations. 

In the hot oil circulating system. 
electric motor driven reciprocating or 
centrifugal pumps take suction from 
a 30 bbl galvanized steel surge tank 
and discharge through indirect heat- 
ers to the well head. Oil from the an- 
nulus returns to the surge tank. In the 
1,500,000 Btu per hour rated capacity 
indirect heaters, the temperature of 
the circulating oil is raised as high 
as 180 F. In order to allow a mini- 
mum heat loss lines from the heaters 
are insulated and/or buried. The cir- 
culation movement of hot oil in the 
annulus transfers heat to the fluid 
being produced, Flow is down the 
annulus between the 214-in. tubing 
and 5-in. casing and up the annulus 
between the 5 and 7 in. casing. Tem- 
perature drop between the well inlet 
and outlet of this system varies from 
35 F to 75 F. 


A check valve is installed on the cit- 
culating system inlet line, and an ¢x- 
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@ PARKERSBURG EMUL 
SION TREATERS are 
available in 5 series, 14 
types and 4 sizes in each 
type. Each is completely 
described with full speci- 





fications and recom- 
mended applications in 
in our latest emulsion 
treater catalog. Write for 
your copy. 


@ Leadership incurs an obligation to the indus- 
try we serve. 


Parkersburg is fulfilling its obligation of 
leadership in pressure equipment by continuous 
improvement in treaters, heaters, separators . . . 
by the development of such new equipment as 
Hydracepter and Hyreco for more efficient and 
economical production of high pressure gas 





PARKERSBURG HYRECO was the first proven unit 


ot increasing condensate recovery and increasing wells. 
amings from high pressure wells by low temperature 


silk ot the well head To further this program of improvement and 


new developments, which is a responsibility of 
leadership, Parkersburg has concentrated re- 
search, design, engineering, manufacturing and 
service of pressure equipment in its ten acre 
plant at Houston. 


Ask your Parkersburg representative or write 
for bulletins and catalogs giving complete con- 
struction and performance data on Parkersburg 
Pressure Equipment. 


* PARKERSBURG HYDRACEPTER prevents gas ine ie 108 


reezing by intercepting and removing free water from 


ms, thus preventing formation of hydrates. © PARKERSBURG DIRECT FIRED AND INDIRECT 


HEATERS are available in sizes and types to fit 
@ PARKERSBURG HORI- every need for heating high pressure gas and for 
ZONTAL SEPARATORS emulsion treating problems. - 
have extra large shell 
diameter plus the exclu- 
sive No-Bleed Level Con- 
troller and improved in- 
ternal elements which 
make them the most de- 
pendable and efficient 
separators available to- 
day. 


PARKERS BURG 


PRESSURE EQUIPMENT 


HORIZONTAL AND VERTICAL SEPARATORS e HYRECO e HYDRACEPTER e SCRUBBERS e TREATERS e HEATERS 


Manufactured in Houston, Texas 








cess pressure shut-in valve on the out- 
let line to prevent well fluids from 


escaping through this system in the 


event of a packer or tubing failure. 
These valves and pipe on the well side 
are of design specifications capable 
of withstanding well pressures. The 
pump is protected from operating 
against a closed discharge by a pres- 
sure relief valve that allows discharge 
into the suction. 


In the flow line hook-up that was 
used while producing into tank bat- 
teries during the first period of opera- 
tions, tubing head pressure was re- 
duced to first stage separation pres- 
sure through four adjustable chokes 
at the indirect heaters. Pressure drop 
was taken at these points in order to 
maintain well fluid temperature above 
the hydrate point. These 1,150,000 
Btu per hour, high pressure two pass 
heaters supplied additional heat to 
keep the fluid above the hydrate tem- 
perature during three stage separa- 
tion. First stage separation was at ap- 
proximately 250 psig and the second 
stage was at about 50 psig. The sep- 
arators were conventional 214 ft by 
|2 ft 480 psig working pressure units. 
\ third stage 20 in. by 34 ft shop 
made unit operated at two ounces 
pressure, 


Tank Batteries 

To avoid transporting well fluids 
unnecessary distances, individual tank 
batteries were installed for most wells 
in the first period of operation. Where 
proximity of offset wells made sep- 
arate batteries impractical, first stage 
separators were operated at well lo- 
cations prior to movement of fluids 
to the consolidated tank battery. From 
two to six bolted, 1000 bbl, galvanized 
steel stock tanks were contained in 
these batteries. 


The vapor system on Worland tank 
batteries was designed to serve a 
three-fold purpose: Prevent escape of 
toxic gases to the atmosphere; reduce 
losses in oil gravity and volume 
through maintenance of a two ounce 
pressure in the tank, and prevent air 
from entering tanks by maintaining 
a sweet gas blanket. A district fuel 
gas system distributed purchased 
sweet gas for this and other field re- 
quirements. By excluding air from 
the tanks, the possibility of a tank ex- 
plosion from spontaneous ignition of 
iron sulfide was minimized. 


The two way valve on the vapor 
outlet connection from each tank was 
normally open to the main vent line 
on which a regulator maintained a 
two ounce back pressure. A sweet gas 
supply regulator that was set for ap- 
proximately 134 ounces fed sweet gas 
into the main vent line at times when 
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tank pressure dropped below the two 
ounce sour gas venting pressure. 
Before opening the thief hatch to 
gage a tank, pressure in tanks was re- 
duced by operation of the two way 
valve lever, which closed the main 
vent line and opened the sour gas by- 
pass line. This isolated the tank and 
minimized the escape of vapor from 
the tank when the hatch was opened. 
As a further precaution, the hatch 


cover cannot be lifted until the valve’ 


is opened to the by-pass line. Proper 
operation of the system was checked 
by the manometer installed near the 
hatch. 

The shop made separator further 
reduced gassing in the tanks by vent- 
ing directly the vapors that came out 
of solution when the pressure was 
reduced from 50 psig to 2 oz. Oil 
from this unit gravitated to the stock 
tank. 

In order to allow additional protec- 
tion for personnel working around 
‘tank batteries, tank walkways were 
provided with double stairways to 
permit exit from either end. Field reg- 
ulations require that any person go- 
ing onto a tank walkway must wear 
a gas-mask and that a second party 
equipped with a gas-mask remain at 
the fire wall. Consequently in the event 
of an emergency, help was available 
immediately. As the chance for sur- 
vival after being gassed by hydrogen 
sulfide is a direct function of the time 
of exposure to the concentrated 
fumes, immediate evacuation from the 
contaminated area is of the essence. 
The standard oil field cannister type 
mask did not prove satisfactory as it 
is effective against a maximum hydro- 
gen sulfide content of 2 per cent. Al- 
though oxygen generating cannister 
type masks have been used and are 
available for an extreme emergency, 
their effective use was limited in that 
several breaths in uncontaminated air 
are required to start oxygen genera- 
tion, the unit is bulky; and once the 
expensive cannister is opened, it can- 
not be used intermittently over long 
periods as the chemicals deteriorate in 
a short time. 


The fresh air type mask was 
adopted and has proved satisfactory 
for all usage. Air is provided to the 
face piece through a reducing regu- 
lator from a high pressure cylinder 
that is mounted on a harness carrier 
so the cylinder is carried on one’s 
back, A pressure gage warns the user 
when the air supply is reaching deple- 
tion. Small individual cylinders are 
filled from three major fresh air cylin- 
der batteries in the field. 


Two complete mask units are as- 
signed to each switcher pick-up truck. 
Each switcher is furnished with a per- 
sonal face piece. Resuscitator units 
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are maintained at the same loca‘ions 
as the fresh air batteries. Oxygen ‘her. 
opy units, gas masks, face picces, 
cleaning solutions and replacement 


‘filters are kept at switchers’ doghouises, 


Personnel are further guided by 
safety instructions. 


Material Failures 


Various types of equipment have 
failed in service in the Worland field; 
however, these failures cannot be at- 
tributed only to corrosion from sour 
well fluids. Rather, it is believed that 
the failures are caused by a combina- 
tion of causes such as hydrogen em- 
brittlement, stress caused by extreme 
temperature change, cold embrittle. 
ment and hydrate formation around 
movable parts. 

The failure of tubular goods has 
caused a great deal of trouble and ex. 
pense to operators. This type failure 
was indirectly responsible for the fire 
at Unit 1-E; and failures in other 
wells have necessitated work-over jobs 
and prolonged rig time. 

Although the majority of breaks 
have been in tubing couplings, a series 
of failures occurred in one 5 in. cir- 
culating string. These failures varied 
from open breaks to lines of cleavage 
along the plane of the tubing. As 
many as 8 specific breaks have been 
found in one 10,000 ft string of tub- 
ing. Additional failures have occurred 
in surface flow lines where tubing is 
used between the well and heaters. 
Repeated laboratory investigations of 
broken pipe have failed to reveal ac- 
tive corrosion and no definite conclu- 
sions have been drawn as to the cause. 
The combined effects of thermal stress 
induced by the circulating system op- 
eration, and probable hydrogen em- 
brittlement cannot be disregarded as 
a possible cause, however. Tubing was 
made up with jaw tongs in the early 
days of the field and it was believed 
that tong marks could be the origin 
of some failures. Friction tongs were 
adopted for use to eliminate this pos- 
sible cause of trouble. 


An excessive amount of breakage 
occurred in stems of well-head gate 
valves. It was believed that this was 
the result of the factors mentioned. 
Stainless steel alloy valves were used 
in an attempt to alleviate this situa- 
tion; however, some breakage of alloy 
stems still occurs. The field procedure 
of applying heat from a_ portable 
steam generator to inoperatable 
valves has further reduced breakage. 
This procedure is particularly adapt- 
able in cold weather when atmospher- 
ic conditions tend to aid hydrate for- 
mation. 

Failures of wire lines, gages. and 
steel springs have been discussed pre- 
viously. 
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Congratulations 


Cardwell 


In Cardwell oil field equipment, as in 
that of almost all leading builders, Hyatt 
Roller Beariiigs are very much in the 
picture. 

And records show that this ever-grow- 
ing application of Hyatt Roller Bearings 
in drilling, pumping, and other petro- 
leum production units is paying divi- 
dends to the user in faster and smoother 
running machines, free from bearing 
wear and care. 

To the petroleum industry as a whole, 
but to Cardwell in particular on their 
25th Anniversary, we say thanks for your 
continued confidence in Hyatt equip- 
ment over the many years. Hyatt Bearings 
Division, General Motors Corporation, 
Harrison, New Jersey. 
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Gas-Oil Gathering System 

The main lines of the gas-oil gath- 
ering system were geographically situ- 
ated so as to require a minimum num- 
ber of laterals and where necessary, 
provide minimum length laterals. To 
facilitate this design, the system was 
broken down into an east and west 
leg with a junction near the gasoline 
plant. Operationally the line was de- 
signed for a pressure drop of 5 psig 
per mile when either leg was conduct- 
ing a sufficient quantity of gas and 
oil to load the plant. This resulted in 
main line sizes varying from 51% in. 
to 16 in diameter. The system is of 
all welded construction, coated and 
wrapped and provided with cathodic 
protection. 

The line was laid to grade as near 
as possible to minimize liquid accum- 
ulations and consequent uneven gas 
volume delivery to the plant. Winter 
subsurface temperature surveys indi- 
cated the desirability of burying lines 
with a minimum of 5 ft coverage. To 
arrive at this coverage in the irrigated 
section of the field it was necessary 
to dragline the ditches as the high wa- 
ter level caused caving of work done 
by a conventional ditcher. Specially 
cast concrete blocks were positioned 
on 10 in. and larger pipe in this area 
to prevent possible floating. 

Pipe failures occurred on two ex- 
tensions to the original system. After 
withstanding a 750 psig cold water 
test, leaks developed in 7 in. OD J-55 
casing sections placed in service at 
considerably lower pressures. The 
failures were found to be transverse 
splits 14 in. to 1 in. behind the weld. 
Repair welds were annealed by post 


heating. Several additional weak spots 
were found by testing the line with 
hot water at high pressures. 

A suspension bridge having a 360 
ft span was erected across the Big 
Horn River to serve as a combination 
foot bridge and pipe line crossing. 
The exposed portions of the 133 in. 
OD Embar system on the west side 
earthen fill and on the bridge are in- 
sulated with hair felt and roofing 
paper. From an expansion bend on 
the east side of the bridge, the line 
loops down to -below ground level 
and continues on an up grade to the 
plant. This is the main exception to 
the grade of the system. 


Trouble with hydrate plugging has 
occurred in the system. Before the 
crude stabilization plant was in op- 
eration, attempts to move gas alone 
were generally unsuccessful because 
of hydrate plugging. This in part 
could have been the result of some 
water remaining in the lines after test- 
ing and the necessity to backfill a part 
of the ditch with frozen ground. The 
line was not kept continuously open 
until oil was brought in with the gas. 
Later plugging has occurred in tem- 
porarily dead sections of the system 
where block valves apparently permit 
some gas to leak by. 


A pressure relief valve set at 400 
psig with discharge to a flare is pro- 
vided on each leg of the system. In- 
dividual wells are protected with pilot 
operated valves that will close with 
excess system pressure and check 
valves to prevent back flow to well. 

So that individual well production 
could be determined, flow lines from 
the well were connected for direct flow 
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to the gathering system, or floy 
through the separator, meter runs. 
recombined line, and into the gather. 
ing system. 


Plant Operations 


An agreement was made between 
The Pure Oil Company and The Texas 
Gulf Sulphur Company whereby Pure 
would deliver sour gas produced from 
the Embar reservoir to a plant to be 
built and operated by TGS for the re. 
covery of commercially pure sulfur 
from hydrogen sulfide gas. The sweet. 
ened gas would be returned to a con. 
ventional absorption plant to be built 
and operated by Pure for recovery of 
LPG’s and natural gasoline. Through 
an agreement with Montana Dakota 
Utilities, available residue gas from 
this plant was purchased for their dis. 
tribution system. The Embar gas-oil 
gathering system was constructed as 
the service flow line for the Pure and 
TGS plants. 

The installation of this system 
marked the major change in produc- 
ing operations because upon comple- 
tion of the plants, oil was no longer 
recovered in well tank batteries. In- 
stead, wells were produced directly 
into the gathering system operating 
line to separators at the gasoline plant. 
nominally at 325 psig. The oil and 
gas were moved together in a common 
line to separators at the gasoline plant. 
The gas from these separators made 
up the high pressure steam to TGS. 
The oil went directly to the crude 
stabilization section of the gasoline 
plant, which serves to remove hydro- 
gen sulfide from the oil leaving es- 
sentially a sweet oil; recover as liquid 
hydrocarbons those light ends that 
would normally be lost in atmospheric 
storage; and treat oil to pipe line 
specifications. The stainless steel lined 
crude stabilizer tower operates at 140 
psig and is 48 in, in diameter by 67 
ft high. The stabilized crude is run 
to central storage facilities for later 
transportation to refining centers, Gas 
from the stabilizer makes up the low 
pressure stream to TGS. 

The high and low pressure sweel 
eas streams returning from TGS are 
processed directly in 250 psig and 60 
psig absorbers at the gasoline plant 
for recovery of natural gasoline and 
LPG’s. Available residue gas from the 
high pressure stream goes to the MDU 
compressor plant for boosting to 
northern markets. Residue gas from 
the low pressure stream is used for 


field fuel requirements. 


Unitization 
During the first period of operation 
four operators, Pure, Trigood. Shar- 
ples, and Carter. partially developed 
their leases and were obligated te 
drill and produce offset wells that 
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were not structurally located to re- 
cover oil at the lowest gas-oil ratio. 
It was realized that unitization was 
the only solution that would allow 
selective production of the field to 
secure maximum oil recovery. Con- 
sent of all working interest owners 
and royalty owners was obtained; and 
working agreement permitting total 
unitized operation of the field and 
gasoline plant with The Pure Oil 
Company as operator became effec- 
tive May 1, 1950. 

Since this time the daily production 
from the field has been restricted to 
the quantity of oil which can be pro- 
duced with 30,000,000 cu ft of sour 
gas, which the sulfur plant is designed 
to process. 


Frontier Development 


Three high gas-oil ratio wells of 
the Embar zone have been recom- 
pleted and a fourth well completed in 
the Frontier zone in order to bring 
the residue sweet gas sales to contract 
volumes. 

Early production tests on a recom. 
pleted well showed hydrates forming 
in the tubing. Consequently, the same 
type hot oil circulating system and 
flow line heater arrangement used on 
Embar wells is used on Frontier wells. 

As Frontier gas is free of hydrogen 
sulfide, it is not necessary that it be 


processed by TGS. A central Frontier 
gathering system with line sizes vary- 
ing from 6 in. to 10 in. in diameter 
was constructed to conduct well fluids 
from wells to a three stage separation 
battery at the gasoline plant. A 1500 
psig working pressure separator per- 
mits delivery of gas direct to MDU 
at a pressure sufficiently high for di- 
rect transmission. As this gas cannot 
be processed, this separator is usually 
by-passed and the incoming stream 
separated at 275 psig so that the gas 
may be processed in the high pres- 
sure absorber. Liquids from this stage 
pass to the next stage of separation 
operating at approximately 75 psig 
so that this gas may be processed in 
the low pressure absorber. Conden- 
sate is moved to the Frontier storage 
area adjacent to the Embar storage 
area. 


Bottom Hole Pumping 


Two Embar wells have been placed 
on the pump with one pump set at 
6000 ft and the second at 7000 ft. One 
conventional beam unit and one air 
balanced unit is in operation. Stan- 
dard high tensile strength sucker rods 
are used. Both stainless steel alloy and 
regular steel pumps have proved satis- 
factory. To date no evidence of active 
corrosion has been found in any of 
the equipment in contact with well 


fluids. The major trouble has jeep | 


with the well head stuffing boxes. As 
it is necessary for the well to pump 
against 325 psig, these boxes must 
retain the pressure while allowing 
movement of the polished rod. This 
has resulted in abnormal wear on 
stuffing box rubbers requiring um. 
erous replacements. Some control is 
obtained through special care ir the 
alignment of the polished rods and 
repeated checking of same. 


Conclusion 

The development and operating of 
the Worland field have been compli- 
cated by the relatively high percent. 
age of hydrogen sulfide present in 
produced gas and the hydrate forma- 
tion resulting in part from low reser- 
voir and surface temperatures. As 
these problems have arisen, operators 
have met them with satisfactory solu- 
tions. Although the field cannot be 
termed a normal oil field, it has been 
operated with certain required rami- 
fications, as any other oil field pro- 
ducing from 10,000 ft would have 
been. 

In keeping with the policy of util- 
izing all natural resources, unitization 
of the field provided a means by which 
all reservoir withdrawals could be 
used in producing marketable prod- 
ucts. eee 
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Yes, sir, with Geolograph Mechanical Well 
Logging Service on the job, you keep up to the 


minute —- know where you are all the time! 
You get the necessary information as you drill. 
It's complete enough for any job — yet reason- 


able enough for the small operator. 


ABILENE, HOUSTON, ODESSA & WICHITA FALLS, TEX. * CASPER, WYO. 
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ANOTHER NEW BAASH-ROSS PRODUCT! 


A simple, positive way to 
REMOVE STUCK TUBING STRINGS 
FROM YOUR PRODUCING WELLS 


4 TYPES TO MEET EVERY 
PRODUCTION REQUIREMENT 


Right Hand Left Hand 
Compression Compression 





Why run the risk of costly salvage operations every 
time stuck packers, sanding conditions or similar difficulties 
jeopardize recovery of your tubing string, when it costs so 
little to insure recovery by using Baash-Ross Production 
Safety Joints? 
A Baash-Ross Production Safety Joint placed in your 
tubing string provides a positive means of freeing the string 
at the point where the Safety Joint is installed, thus permitting 
important savings to be made in production operations. For example... 
> Where production packers are used, a Safety Joint should be installed above the packer to permit positive and 
complete release of the tubing string should the packer become stuck. 


> Where sanding conditions exist, one or more Baash-Ross Production Safety Joints should be installed in the 
tubing string to permit selective release and maximum recovery. 


> Where it may be desirable to change production methods in a well, a Baash-Ross Production Safety Joint should 
be installed in the tubing string to permit such changes to be made quickly and easily without disturbing the packer. 


Baash-Ross Production Safety Joints are simple in design, positive in operation and low in cost. They are pro- 
vided with a unique locking lug that permits heavy rotational loads to be transmitted through the Joint without loosening 
it—yet disengagement can be quickly made whenever desired by merely following a simple sequence of operations. A 
choice of four different releasing actions is available—either /eft or right hand rotation, combined with either raising or 
lowering the production string—thus providing the exact releasing action best suited to each production hook-up. 
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'rediction of Corrosion in Oil and Gas Wells 


So complex is corrosion behavior that the engineer must 


understand all possible methods in order to choose wisely 


D. A. SHOCK* and J. D. SUDBURY* 


Abstract 


Using the techniques and funda- 
mental data developed by the corro- 
sion studies in high pressure conden- 
sate wells, the prediction techniques 
and evaluation methods have been ex- 
tended to oil well corrosion. Internal 
corrosion in both oil and gas wells is 
believed to be due to the acidity de- 
veloped in the water phase. The acids 
found and an evaluation of their cor- 
rosive behavior are discussed. The 
variable factors influencing corrosion 
rates are also discussed. In light of 
the action of the various corrodents 
and variables, the utility and limita- 
tions of the various prediction 
schemes are presented and a recom- 
mended plan of corrosion evaluation 
is set forth. 


Introduction 


Corrosion in oil and gas wells, 
other than in sour crude areas, had 
received little or no attention before 
1945 and 1946. The severe corrosive 
attack noted in high-pressure conden- 
sate wells about that time initiated 
considerable study of internal corro- 
sion problems. The greater portion of 
this work applied specifically to gas 
condensate corrosion. In the past few 
years, however, it has become increas- 
ingly evident that there are definite 
correlations that can be made to oil 
field practice. Many of the techniques 
and generalizations on corrosive me- 
chanisms made in condensate corro- 
sion studies can be applied to oil field 
corrosion studies. It is the objective of 
this paper to generalize the facts 
known about gas condensate corro- 
sion_and integrate them with the work 
thus far done in oil well corrosion in 
order to present a discussion of corro- 
sion which is apvlicable to both oil 
and gas wells. Thus, the corrosive 
agents, their actions, and methods 
that have been used to predict corro- 
sive behavior will be discussed. 


‘Presented at the Spring Meeting, Pacific 
Coast District, Division of Production, Ameri- 
can Petroleum Institute, Los Angeles, Cali- 
fornia, May 10 and 11, 1951. 
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The Corrosive Medium—Water 

In either oil or gas wells, the first 
prerequisite for corrosive action is the 
presence of liquid water. Corrosion 
takes place in the water phase and 
consequently a full knowledge of the 
nature of this phase is necessary if we 
are to understand or predict the 
course of corrosion. One of the major 
differences between oil and gas well 
corrosion is the behavior of the water 
phase. In condensate wells, the liquid 
water increases from formation to 
surface and there is good evidence 
that the liquid water is swept up the 
surface of the pipe in intimate con- 
tact with the steel. The corrosive 
water produced in a condensate well 
nearly comes to equilibrium reacting 
with the steel by the time it reaches 
the surface. In the case of an oil 
well, the water production is the same 
from the formation to the surface and 
the possibility of selective water flow 
along the pipe is improbable. The 
contact time with the water is reduced 
and surface effects, such as prefer- 
entially oil-wet areas and emulsion 
formation, make oil wells less corro- 
sive than condensate wells of the same 
corrosive potential. 


The Corrodents—Carbon Dioxide, 
Hydrogen Sulfide, and Lower 
Fatty Acids 


The primary cause of internal cor- 
rosion is due to the acidity of the 
water phase. This is true in gas con- 
densate and sweet oil production and, 
though no fundamental work has 
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proved the point, there is good field. 


evidence that this is true in sour crude 
corrosion. The mechanism by which 
an acid reacts with a metal describes 
the corrosion process in its simplest 
terms. Numerous attempts to correlate 
corrosion and various types of gal- 
vanic action and measurements of cur- 
rent flow have been unsuccessful in 
explaining the observed phenomena. 
On the other hand, the evidence ac- 
cumulated in correlating corrosion 
and acidity has given a much more 
satisfactory explanation of the ob- 
served phenomena. In the simplest 
terms, it is believed that the internal 
corrosion of oil wells is the result of 
the hydrogen ion concentration in the 
water. The tendency to corrode is 
measured by the number of hydrogen 
ions. The rate is measured by the 
number contacting steel per unit of 
tine. The hydrogen ions are supplied 
by the lower fatty acids, carbonic 
acids, and hydrogen sulfide. These are 
the corrosive agents. There is consid- 
erable variation on how the hydrogen 
ions are supplied to the solution by 
these corrodents, as they exist alone 
or in mixtures, and how the pure oF 
mixed corrodents form corrosion 
products that alter the manner 10 
which the steel is attacked. A more de- 
tailed discussion of the action of the 
fatty acids and carbonic acid will be 
made later. The data on hydrogen sul- 
fide are not yet available but are met- 
tioned here because it is believed that 
correlation does exist in the sour 
crude systems. The problem becomes 








“Pro 





‘Providing more reservoir revenue .. . through the production of more recoverable oil.” 
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one of recognizing that the acids exist 
in the water, estimating their concen- 
tration, and the probable course the 
corrosion will take. Some information 
is available on the types of corrosion 
that can be expected for carbon diox- 
ide and acetic acid in their mixtures 
and will be discussed later in detail. 

Two of the corrodents, carbon 
dioxide and hydrogen sulfide, are 
gases at surface conditions. The gas 
phase represents a source from which 
corrodent can be continually supplied. 
The quantity of acids in the water 
depends on the solubility of the gases. 
Where sufficient or comparatively un- 
limited gas is available, pressures and 
temperatures are the chief controlling 
factors of the gaseous corrodent con- 
centration in the water phase. The 
concentration of the gas dissolved in 
a liquid increases with the rise in 
partial pressure and decreases with 
increasing temperature. Thus, water 
coming from the reservoir to the sur- 
face, which contacts a carbon dioxide 
containing gas where both tempera- 
ture and pressure decrease, will have 
an effect of increasing solubility by 
temperature effect and decreasing 
solubility by pressure effort. The 
actual potential corrosiveness of the 
well water will depend on how these 
factors combine to affect the total dis- 
solved carbon dioxide content. Fig. | 
demonstrates the data on an oil well 
showing the temperature and pres- 
sure traverse and resultant carbon 
dioxide concentration in the water 
phase. The gas produced in this well 
contains 2.5 per cent carbon dioxide 
and solubility points have been calcu- 
lated for the points of pressure and 
temperature, using existing solubility 
data for carbon dioxide in salt solu- 
tions. The shape of the curve shows 
that, in this particular well, there is 
a high concentration of dissolved 
carbon dioxide at the bottom of the 
hole. It decreases in concentration at 
about two-thirds the distance up the 
tubing and increases again at the sur- 
face. The surface concentration is less 
than concentration at the bottom of 
the hole. It is interesting to note that 
in this well it has been proved corfo- 
sion rates follow this carbon dioxide 
concentration curve. 


The Effects of the Corrodents 


Although the corrosion is due to 
hydrogen ion concentration, regard- 
less of source, the path and various 
forms it exhibits are dependent on the 
anion providing the hydrogen ion and 
the nature of the other ions in the 
water. Thus, fatty acid corrosion, car- 
bonie acid corrosion, and hydrogen 
sulfide attack, show widely different 
types. The mixtures of these corro- 
dents with each other and the various 
anions from dissolved salts and sol- 
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FIG. 1. Subsurface CO, solubility calculated from pressure 
and temperature surveys of a corrosive oil well. 


uble organic compounds can make 
significant changes in the course of 
corrosion. No producing well con- 
tains only one corrodent. In order to 
determine the effects of each of the 
corrodents and their mixtures, we 
must first investigate their action un- 
der controlled conditions. 

Apparatus. The development of 
methods for laboratory tests of field 
corrosion is still in the embryonic 
stage. Numerous systems have been 
devised but no completely satisfactory 
apparatus has yet been produced. The 
apparatus developed in our labora- 
tory is still in the experimental stage 
but contains many of the features 
which have been essential considera- 
tions for making corrosion studies. 
The apparatus consists of mechanism 
of rotating steel coupons at a known 
rate in a solution whose composition 
can be controlled. Oxygen is excluded 
by introducing oxygen-free solutions 
and maintaining a controlled-compo- 
sition atmosphere of gas bubbling 
through the liquid. It is constructed 
to withstand pressures of 15 pounds 
and is placed in a constant tempera- 
ture bath so that temperature effects 
can be evaluated. Fig. 2 shows the 
operating part of the apparatus. This 
unit is clamped to a heavy-walled py- 
rex jar to give a pressure seal and 
closed system as is required. 

The coupons used are standard one- 
by-eight inch coupons used in the 
field evaluation studies and are in- 
serted and removed through the pres- 
sure-lock system so that no oxygen 
can enter the main apparatus dur- 
ing this operation. Piping gases and 
solutions in and out of the appara- 
tus is handled by connections through 


the plastic top. pH measurements are 
made by withdrawing a portion of the 
liquid into a separate chamber which 
is closed from the atmosphere but 
electrically isolated from the main 
bath. The fatty acid concentrations 
are maintained by introducing acetic 
acid into the water phase. The carbon 
dioxide concentration is maintained 
by controlling the partial pressure of 
carbon dioxide in the gas bubbling 
through the apparatus. In studies of 
partial pressures less than one atmos- 
phere, natural gas and carbon dioxide 
are proportioned by rotameters in 
relative volumes to give the required 
partial pressure. In partial pressures 
above one atmosphere, only carbon 
dioxide is used so that the total pres- 
sure on the apparatus will equal the 
partial pressure. Thus, partial pres- 
sures of two atmospheres can be ob- 
tained. The effect of added salts can 
be studied by adding them in the 
water phase as is done with the acetic 
acid. Time-rate curves can be plotted 
by withdrawing and weighing cov- 
pons at various lengths of exposure. 
The surfaces are examined microscop- 
ically for pit attack and corrosion 
products can be identified by various 
analytical techniques. Corrosion by 
acetic acid, carbonic acid, and mix- 
tures have been studied thus far in 
this apparatus; it seems to be a bast- 
cally sound design. The curves to be 
discussed were developed using this 
apparatus. 

Fatty Acid Corrosion (Acetic). 
The laboratory studies on the corro- 
sive effects of water-soluble fatty acids 
are generally done using acetic acid. 
The justification for this has been that 
Lochte’ and co-workers have found 
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High Pressures—Low Pressures . . . 
qres e > 


Flowing Pressures—Static Pressures . . . 


Every Shaffer Product is backed by 


Wera Quarter Century 


of Pressure Control Leadership!” 


Gas Pressures—Fluid Pres- 
you find them 


dl in modern well-control problems, And for more than a quarter-century, Shaffer has 
continually led in developing new and better ways of controlling pressures in both drilling 
ind production operations. You'll find Shaffer equipment in daily use in major oil producing 
areas throughout the world, for only Shaffer serves the industry with such a complete lime 
of field-proven equipment for every phase of pressure control. Shaffer products include... 


SHAFFER HYDRAULIC 
CELLAR CONTROL GATES 


-the most revolutionary hydraulic gates on the 
market! 


* Available in both Double (illustrated above) and Single types. 

types provide unmatched compactness—even in sizes as large 
as 1334” (12” Series 900), the Double type provides two ram 
compartments in an overall height of only 30”, and smaller sizes 
tequire even less space! 


* All moving parts are completely enclosed—nothing to become 
jammed by falling timbers or corroded by chemical muds drip- 
ping into the cellar. 

*Rams are changed by simply opening side doors, sliding old 
fms out and new ones in, then closing and bolting the doors. 
It's unusually fast, simple and convenient. 

There are many other important advancements incorpo- 
rated into the new Shaffer Hydraulic Cellar Control Gates so be 
sure to get the complete story before you invest in any control 
se equipment. Available in a complete range of sizes and pres- 
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SHAFFER MECHANICAL CELLAR 
CONTROL GATES—known the 
world over for compactness, sim- 
plicity, safety. 


®@ Available in both Double (il- 
lustrated above) and Single types 
for operation by air, electric or 
steam drives plus complete man- 
ual stand-by! 


@ Require minimum space. Even 
in sizes as large as 13%” (12” 
Series 900) the Double type re- 
quires less than 29” height— 
smaller sizes even less. 


Shaffer Mechanical Cellar 
Control Gates are the most ad- 
vanced mechanically-operated 
cellar control gates on the market 
and are the ideal equipment where 
mechanical operation is desired. 





SHAFFER COMBINATION ROTATING 
BLOWOUT PREVENTERS AND STRIPPERS 
—combine in one unit every necessary 
feature for complete pressure control 
while drilling. 
® Maintain a continuous seal around the 
elements in the drill string—whether 
square, hexagonal, octagonal or round— 
whether string is rotating, being raised, 
lowered, or is stationary. 
@ Pressure seal automatically expands 
and contracts to fit varying diameters in 
the string such as tool joints, couplings, 
drill collars, etc. 
@ Quick Releasing Bonnet permits pass- 
ing bits, reamers and other abnormally 
large tools through the unit quickly, con- 
veniently. 

Nothing can equal this unit for 
maintaining complete pressure control 
while the drill string is in the well, 


SHAFFER LANDING, CASING AND TUBING 
HEADS—meet every requirement for 
modern compact casing and tubing sus- 
pensions the world over. 

@ Available in many types and packing 
arrangements to meet various require- 
ments. 

@ Where space is at a minimum, Base 
Heads and Combination Base, Casing 
and Tubing Heads are available for com- 
bining several units into one. 

Shaffer also provides a full line of 
modern Tubing Heads, Multiple Zone 
Hook-Ups and other equipment to com- 
plete your pressure control installation. 





SHAFFER ADJUSTABLE FLOW BEANS—the 
pioneer in adjustable flow beans and still 
unequalled in operating features. Avail- 
able with Conical, Micro and electrically- 
heated Thermo Tips in both regular and 
hard metal designs to meet various drill- 
ing, production and refinery applica- 
tions. All popular sizes—in both flang 
or screwed connections to meet any re- 
quirements. 





that the greatest proportion of these 
acids in the water phase was acetic 
icid. The hydrogen ion activity of 
all the fatty acids is not too variant 


from that of acetic acid. Menaul? 
and Griffin and Greco* describe the 
corrosion in condensate systems 
caused by the fatty acids and, for a 
time, they were believed to be the 
principal causative agents in corro- 
sive condensate wells. The laboratory 
and field studies demonstrate other- 
wise and their presence is now be- 
lieved to be a contributing rather 
than a principal source of corrosion. 

\ series of experiments following 
the pH decline with time exposure‘ 
under controlled anaerobic conditions 
demonstrated that, acetic acid will re- 
act with steel, forming ferrous acetate 
at a rate controlled by the tempera- 
tures of the solution and the velocity 
or volume of solution moved past the 
surface. The increase in temperature 
increased corrosion rates in amounts 
expected from chemical reaction rates. 
hese results were taken as an indica- 
tion that acetic acid corrodes steel by 
the solution of the metal or the sur- 
face products to form soluble ferrous 
acetate. Temperature affects the rate 
at which this reaction takes place in 
the same manner as it would any 
chemical reaction. Corrosion - rate 
curves exposing a series of coupons 
have shown that insoluble corrosion 
products are built up which generally 
reduce the rate. The composition of 
this corrosion product has not yet 
been determined. 

Hackerman and Glenn® reported 
rate curves that followed no general 
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FIG. 2. Apparatus for development of 
laboratory tests of field corrosion. This is still 
in experimental stage. 


pattern with concentration, using an 
apparatus that sprayed the coupons 
with acetic acid solution in anaerobic 
atmospheres approximating conden- 
sate well service. Corrosion rates, 
using the apparatus described above 
have been determined and are shown 
in Fig. 3. These curves show that the 
rate decreases in time, which is indi- 
cative of a semi-protective film being 
established. The corrosion rate does 
not drop to a negligible amount, how- 
ever, and the metal continues to lose 
weight. It is important to note that 
in no case in any of the coupons was 
a pit attack found. Temperature is 
found to change the slopes of the 
curves but not their general shape. 
Concentration has no effect on the 
shape of the curves in this apparatus 
as it did in the results of Hackerman 
and Glenn. Both results, however. 
showed no pit attack and a decrease 
in rate with time when a semi-protec- 
tive film was established. 

Carbon Dioxide Corrosion. The 
fact that the carbonic acid concentra- 
tion is pressure and temperature de- 
pendent makes corrosion tests more 
difficult to interpret on a comparative 
pH basis with the acetic acid. The 
forms of the curves and progress of 
corrosion, however, can be shown by 
the usual rate-change curves. These 
show some very significant differ- 
ences from the acetic acid curves. The 
carbonic acid available for corrosive 
action is not only that which exists in 
solution like the acetic acid but is 
the amount that will dissolve from the 
gas phase after the reaction of the 
part already dissolved has taken place. 





The laboratory apparatus approxi- 
mates the action in the wells in that 
carbon dioxide is continually fed to 
the system to maintain its saturation 
equilibrium at the test temperature 
and partial pressure. Our tests with 
the present apparatus do not cover a 
wide range of conditions but they do 
demonstrate the mechanism. In Fig. 
3 a corrosion curve is shown for cou- 
pons which are exposed to one atmos- 
phere at 130 F. This curve represents 
the corrosion pattern of a joint in the 
tubing near the bottom of the well. 
The shape of the curve shows that the 
corrosion rate continues at a fairly 
constant value. There is no formation 
of a semi-protective layer. The layers 
formed aid pit attack so that after a 
time pits can be seen on the coupons 
which deepen as the corrosion pro- 
gresses. From previous work in other 
apparatus, it was found that the solu- 
tions saturated with ferrous bicarbo- 
nate at one atmosphere pressure, 
which would be the equivalent to the 
joints at the top of the tubing. show 
the same type of curves and pit at- 
tack although the rate (slope of the 
weight-loss curve) was less than for 
the unsaturated iron solutions. 

A comparison of the carbon diox- 
ide weight-loss curve and acetic acid 
curve illustrates the reason why car- 
bon dioxide corrosion is considered a 
major corrosive agent in the field. 
The fact that the corrodent is con- 
tinuously supplied, that the reaction 
is not self-stifling, and that pit attack 
is produced, supports this claim. The 
carbonic acid concentration where 
negligible corrosion takes place has 
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Ask your Christmas tree supplier for 


UNIBOLT FLOW MANIFOLDS 


PREFABRICATED AND TESTED 


UNIBOLT Flow Manifolds are preferred by many 
production men because the units of this mani- 
fold — Unibolt Adjustable Wing Valve, Unibolt 
Positive Choke Body, and Unibolt Tee or Cross — 
may be assembled in a number of combinations 
to best meet individual requirements . . . The 
Manifolds are assembled to specifications at the 
UNIBOLT plant and tested before delivery to your 
Christmas tree supplier. The Wing Valves can be 
arranged for flowing with or against the stem, 
and the Positive Choke Body may be rotated to 
any desired position to facilitate tying-in with the 
flowline. It’s truly flexible. 

Add to this such features as: exclusive ‘‘flow- 
rated” positive beans (regular fractional sizes 
and “X” sizes) for precise control of well flow, 
lighter weight, greater strength, lower first cost 
and maintenance, plus the fact that any of its 
parts may be safely and easily replaced in the 
field, and you have the reason why more and 
more operators are specifying UNIBOLT Flow 
Manifolds. 

Available in regular forged steel or in high — 
chrome alloy for corrosive wells — 6,000, 10,000 
and 15,000 Ib. test. 


THORNHILL-CRAVER CO. 
HOUSTON, TEXAS 








not been determined. It has been dem- 
onstrated by numerous experiments 
that a partial pressure of one atmos- 
phere carbon dioxide or greater will 
give carbonic acid corrosion in most 
produced waters and that a partial 
pressure of .5 atmosphere carbon 
dioxide is in the neighborhood of a 
less severely corrosive range. This 
value is used as a rough estimate of 
the acid content where severe corro- 
sion may be anticipated. 
Combination of Carbon Diox- 
ide and Fatty Acid. In actual prac- 
tice, few wells have only one corro- 
dent, so the study of mixtures, be- 
comes a most important part of the 
problem. The determination of con- 
ditions under which a well will cor- 
rode in accordance with the pure fatty 
acid or the pure carbon dioxide curve 
is an important consideration in pre- 
dicting the type of corrosion to be ex- 
pected. Sufficient data are not yet 
available to clearly define the condi- 
tions for controlling mechanisms. It 
is evident that the presence of acetic 
acid decreases the lower limit of the 
carbon dioxide effect so that a lower 
partial pressure of carbon dioxide 
will still give a high continuing rate 
and pit attack. The effect of mixtures 
of .5 atmosphere carbon dioxide and 
500 parts per million acetic acid is 
also shown in Fig. 3. The addition 
of fatty acids to a system contain- 
ing sufficient carbon dioxide to be 
corrosive increases the rate and sever- 
ity of this attack. Data from the field 
on wells which contain low partial 
pressures of carbon dioxide (.1 at- 
mosphere or less) and have organic 
acids in the water have been shown 
to develop typical acetic acid corro- 
sion rate curves. The salt effects which 


will be discussed later may have a 
large enough effect in these wells to 
make the determination of such a 
limit of little utility in actual predic- 
tions. 

The Effects of Retardants. Al- 
though the acids present in the water 
phase act as the aggressive agents, 
there exist compounds in the well sys- 
tems that may retard the corrosion 
rate to such an extent that the well 
is considered non-corrosive. Such an 
occurrence is not uncommon and the 
fact that these situations do exist has 
caused some difficulty in identifying 
and evaluating the causative corro- 
sive agents. The retarding agents fall 
into two general groups, the organic 
polar molecules and inorganic or buf- 
fering salts. 

Polar Groups. Some of the early 
rate curves run in condensate wells 
showed that, with essentially the same 
potentially corrosive atmosphere, no 
corrosion took place.®’ After consid- 
erable study this difference was at- 
tributed to the presence of polar com- 
pounds in the fluids of the non-corro- 
sive well. These compounds were not 
found in the fluids of the corrosive 
well. Rogers* demonstrated that addi- 
tion of polar organic compounds such 
as turkey red oil and naphthenic acids 
to the well fluids changed the wet- 
tability of the steel and reduced the 
corrosiveness of a given system. He 
later demonstrated’ that in oil wells 
certain crudes displace water from 
the steel surface and the addition of 
small amounts of organic compounds 
formed a completely oil-wet surface, 
thereby reducing corrosion rates in 
the well. Lochte’® has found the pres- 
ence of numerous oxygenated, high- 
molecular weight compounds in the 


FIG. 3. Typical corrosion curves for CO,, fatty acid, and 
CO, and fatty acid solutions. 
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condensed hydrocarbon phase of con- 
densate wells. Their presence is also 
known in crudes, particularly those 
from California, West Texas, Wyom- 
ing and Kansas. There is little pub- 
lished information on the effect of 
various additives in the oils in a 
laboratory test apparatus such as has 
been used and discussed in this paper. 
These compounds, however, are simi- 
lar in action to the organic inhibitors 
used in corrosion mitigation and are 
often termed “natural inhibitors.” 
The subject of “natural inhibition” 
has not been investigated in any syste. 
matic manner and needs further proof 
in order to establish how widespread 
this effect may be. Regardless of the 
exact chemical compounds, the effect 
has been noted in the field in any 
number of cases and is easily de- 
tected by the coupon method. 

Buffer Salts. Another group of 
compounds that can be classed as re- 
tardants is the dissolved salts that 
limit the hydrogen ion concentration. 
The produced waters containing these 
salts are then less acid than the par- 
tial pressure of carbon dioxide and 
temperature would indicate; thereby, 
the corrosion rate may be appreciably 
diminished. This buffer salt effect 
usually is not great enough to en- 
tirely eliminate the corrosion but may 
alter its severity and course. No data 
are available on the effects of nat- 
ural-occurring buffer salts on the rate- 
change curve. However, this buffering 
action is the basis for the use of neu- 
tralizing agents such as sodium car- 
bonate, bicarbonate, magnesium 
metal, and its salts as mitigation 
methods.7*»*2 


Prediction Methods 


Having assembled the factors that 
influence internal corrosion, we now 
must be able to apply them to a par- 
ticular well system if they are to be 
useful in our prediction work. In com- 
mon with all prediction methods, the 
better the data and the better the 
evaluation of all influencing factors, 
the more likely the prediction will be 
fulfilled by performance. A weighed 
decision, balancing the worth of the 
increased accuracy of prediction 
against the cost of obtaining it, al- 
ways confronts the corrosion engi- 
neer. Consequently, numerous evalua- 
tion schemes are used which yield 
varying approximations of true per- 
formance. These various short meth- 
ods must be judged in the light of 
basic theory and principles if they 
are to be useful; otherwise, the in- 
terpretations of corrosive behavior 
are confusing and misguiding. 

Inspection. Direct observation of 
a corroded piece of metal is more fact 
than prediction; however, such corro- 
sion cases are usually warnings of the 
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Again we say—count the Red Dots above. 
Every dot represents a Wilson Supply- 
Ingersoll-Rand Packaged Portable Com- 
pressor in the field, giving satisfactory 
performance. 


Contact your nearest Wilson Supply Com- 
pany Sfore or write ‘‘Compressor Divi- 
sion,” Wilson Supply Company, P. O. 
Drawer 19, Houston, Texas, for detailed 
information, and quotations. Please give 
suction and discharge pressure and vol- 
ume to be handled. 


WILSON 
SUPPLY COMPANY 


1417 Maury Street 
HOUSTON, TEXAS 


Branch Stores 


TEXAS—Alice, Corpus Christi, Victoria, 
Bay City, Columbus, Barbers Hill, Lib- 
erty, Beaumont, Kilgore, Monahans. 


LOUISIANA—Lake Charles, New 
lberia, Houma, Harvey, Shreveport. 
Sales Offices 
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In the Gulf Coast it is easy to check on the field performance of Wilson 
Supply-Ingersoll-Rand ‘‘Packaged”’ Portable Compressors. From Brownsville to 
Mississippi—you will find them giving ‘‘24 hours a day"’ economical service. 


Yes—for Gas Lift, Re-Pressuring and Booster work, Wilson Supply-Ingersoll- 
Rand ‘‘Packaged”’ Portable Compressors are ‘Leaders by Far"’ in the Gulf Coast 
area. Count the red dots above—each represents a Wilson Supply-ingersoll-Rand 
Compressor in the field. 


These Compressors do not require the constant attention of a skilled com- 
pressor man. They are equipped with many automatic safety features which pro- 
tect the equipment in event of mishap when the attendant is not present. 


However, should anything seriously go wrong—where a skilled man is re- 
quired, one is available from the many advantageously outlets of Wilson Supply 
Company and the Ingersoll-Rand Company. 


This availability of skilled service is further insurance that when you install a 
Wilson Supply-Ingersoll-Rand ‘‘Packaged"’ Portable Compressor—you are buying 
Compressor performance—not just a piece of equipment. 





possibly more serious corrosion and 
such cases should serve as an order 
to investigate the potential corrosive- 
ness of a well. In like manner, caliper 
surveys, such as are conducted by 
Otis, serve as a check on the severity 
of corrosion in tubing and casing; 
periodic checks indicate the rate and 
course the corrosion is taking. The 
discussion of corrosion logs supplied 
by the company includes the evidence 
of pit corrosion and general corro- 
sion and, if the corrosion is localized 
at one depth or extends through the 
entire system, the caliper survey also 
serves as a check on other prediction 
methods rather than operating as a 
primary method itself. The caliper 
survey, combined with other predic- 
tion methods, is very useful. 

Methods Based on Acidity of 
Water. As we explain the corrosion 
mechanism as an acid attack and the 
field data give evidence that this me- 
chanism is correct, we are able to pre- 
dict potential corrosiveness by meas- 
uring or estimating the pH in the 
water phase under well conditions. 
This can be done by analytical means 
and knowledge of the physical condi- 
tions. Eilerts'* gives pH relationships 
for concentrations of carbon dioxide 
and the fatty acids in the concentra- 
tions as they occur in wells. Other 
values have been reported to the 
NGAA corrosion projects committee 
and are in the process of being re- 
leased for general publication.’* The 
usual procedure is to determine the 
carbon dioxide content of the gas at 
atmospheric pressure. From the total 
pressure, the partial pressure of car- 
bon dioxide is determined. Then the 
effect of temperature at that partial 
pressure is estimated and the approxi- 
mate pH value is determined. The fat- 
ty acid content is run on a sample of 
the water by titrimetric procedures 
outlined in the NGAA Corrosion 
Projects Committee’s Tentative Stand- 
ard Methods. The acidity developed 
from this source is estimated on the 
basis of the estimated acetic or pro- 
pionic acid concentration found by 
analysis. Corrosion has been found 
to take place at pH values of 5.5 or 
less. The probable course of corrosion 
expected will depend on the anions 
present and was outlined briefly in 
the first part of the paper. 

\fter a year of intensive field study 
and correlation work sponsored by 
the NGAA corrosion research proj- 
ects committee, it was concluded that 
the following general rules were ap- 
plicable to condensate well corro- 
sion :*4 


|. Severe pit-type corrosion is to be 
anticipated in wells producing 
water contacted by a gas contain- 
ing carbon dioxide at a partial 
pressure of one atmosphere or 
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greater (well water pH 4.0-4.5). 

2. Moderate or general corrosion is 
to be anticipated in wells in 
which the water contains the 
lower fatty acids and in which 
the gas phase has a low partial 
pressure of carbon dioxide (.2 
atmosphere or less). 

3. No corrosion is to be anticipated 
in wells containing no fatty acid 
in the water and the carbon diox- 
ide partial pressure is less than 
.2 atmosphere. 

4. The lower fatty acids increase 
the severity of the corrosion de- 
scribed in Case No. 1 so that a 
combined carbonic acid and fat- 
ty acid corrosion gives rise to a 
very severe pit attack. 

These rules, first proposed in 1947, 
have been shown to be good first ap- 
proximations in corrosion predictions 
and as such continue to be useful. 
The intermediate corrosion ranges 
and determinations of conditions for 
the differences in type attacks are not 
well defined nor is the limit of the 
corrosive acid range well determined. 
The approximations just made, if gen- 
erally applied and used, would great- 
ly improve the anticipation of cor- 
rosion. 

Systems have been devised for 
measuring pH values under well-head 
conditions’®*** that obtain estimates 
of the effect of dissolved salts and 
give proofs of the actual acidity in 
the produced water under well condi- 
tions. The data developed by these 
methods were useful in adding proof 
to the theory but are usually too 
lengthy to be used as prediction meth- 
ods. The system used by Carlson’® of 
placing the produced water sample 
under a pressure of carbon dioxide, 
which is equal to the partial pressure 
in the well, is useful in estimating 
actual pH values. His method gives 
an evaluation of the possible buffer 
behavior of the dissolved salts and 
shows good correlation with observed 
corrosion in the field and pH at field 
well-head conditions. 

Methods Based on Iron Loss. 
Predictions based on the amount of 
metal lost per-unit-time are standard 
corrosion procedures. Both the indi- 
rect method, using iron contents of 
the water, and the direct method, 
using coupon exposures, are widely 
used and misused. Both methods are 
valuable tools but the results can be 
easily misinterpreted. 

Iron Determinations in Water. 
The use of the iron content in pro- 
duced waters for corrosion criteria as- 
sumes that the iron in solution comes 
from the corrosion of the steel. Use- 
ful as this method may be, it is the 
one method most subject to variation 
and can be applied only in a limited 
manner. In corrosive condensate 


wells, most of the water comes from 
the condensed vapor. The total 
amount is small and good contact is 
maintained. The water produced by 
them will have high iron values in 
terms of concentration. Thus, 100 to 
200 parts per million iron is common 
in such cases. In corrosive oil wells 
where the total water volumes are 
much greater, the iron contents may 
be much lower, so that 25 parts per 
million iron content in a water may 
be indicative of a corrosive well. Try. 
ing to apply a general rule to both oil 
and gas wells and taking into account 
the total water produced, a system of 
evaluating corrosion by calculating 
iron as total pounds of iron lost per 
day has been suggested. This elimi- 
nates some of the discrepancy he. 
tween high and low water producers. 
The corrosive limit values, however, 
are not the same for both condensate 
and oil wells. Very little data have 
been accumulated to ascertain if this 
method will be useful for prediction. 
One of the difficulties with any iron 
content method lies in the fact that 
the iron may come from the forma- 
tion and not from corrosion. Results 
of a recent test clearly demonstrated 
that 130 parts per million iron, or 
equivalent 90 lb per day removal in- 
dicated loss, was coming from the 
formation. Practically no corrosion 
was taking place in the well. 


The principal use of iron determi- 
nations in water, therefore, is a first 
check of possible corrosion. When the 
severity of the corrosion is established 
by other methods, the iron values are 
useful in following mitigation treat- 
ments. The method fails to give an in- 
dication of the type of corrosion. If 
insoluble iron products are formed. 
the method becomes unreliable or of 
no use. For instance, in hydrogen sul- 
fide systems, the soluble iron repreci- 
pitates as iron sulfide. No iron is 
found in solution even in quite cor- 
rosive waters. If the iron is from the 
formation, the corrosion estimates are 
in error. 

Coupon Methods. As with iron 
values, the coupon method is one of 
the most commonly used corrosion 
evaluation methods. The most com- 
mon method in oil field practice is to 
insert a tared steel coupon, usually 
1020 steel, into the flow line for a 
known period, usually two weeks, and 
weigh again after descaling. The 
weight loss calculated to an average 
penetration value and reported as 
thousandths of an inch penetration 
per year (MPY) is indicative of the 
corrosion taking place. The surface 
of the coupon is examined microscop- 
ically for evidence of pit attack or 
evidence of protective surface film 
formation. 

Considerable work has been done 
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on coupon testing in condensate wells 
which proved that the results obtained 
are indicative of the rates found in 
the well. Experiments performed at 
the University of Texas®7 1" deter- 
mined rate curves by exposing mullti- 
ple coupon sets in numbers of conden- 
sate wells. These rate curves gave re- 
sults of typical curves obtained in the 
laboratory exposure tests and were 
discussed in a previous section. It 
was shown that very corrosive wells 
gave weight-loss curves like the typi- 
cal carbon dioxide and carbon dio- 
xide-acetic acid curves. The moderate- 
ly corrosive wells gave curves like the 
typical acetic acid exposures and the 
non-corrosive wells showed a very 
low penetration rate and evidence of 
a protective film on the surface of the 
coupons. This type of coupon testing 
undoubtedly gives the best basis of 
estimated performance. It is too ex- 
pensive, however, for anything but ex- 
ceptionally difficult cases. Single-cou- 
pon exposures can be compared with 
known types and the probable corro- 
sion behavior predicted. In the exten- 
sive tests carried out in condensate 
wells,** single well-head coupon expo- 
sures, which had been left in the well 
until a steady state had been estab- 
lished, gave some average penetration 
rates that indicated severe and less 
severe corrosive types. This survey 
showed the following results: 
1. The very corrosive wells, which 
were the ones containing high 


partial pressures of carbon diox- 
ide, gave surface coupon rates in 
the order of 10 mpy or more, 
along with evidence of pit attack. 

2. The moderately corrosive wells, 
those with low partial pressures 
of carbon dioxide, and which 
contain fatty acids, gave surface 
coupon rates in the order of 5 
mpy and no pit attacks. 

3. The non-corrosive wells were 
those which showed evidence of 
natural inhibitors or buffer salts 
and no corrosion was present. 

These general coupon tests seem to 
be applicable to oil well corrosion ex- 
cept that, because of the larger dif- 
ferences in pressure from top to bot- 
tom-hole conditions, surface coupons 
give low results. Thus, a severely cor- 
rosive well showed surface coupon 
corrosion rates of 7 mpy or less but 
was found to have subsurface rates 
up to 80 mpy. A special technique*® 
has been devised for checking subsur- 
face corrosion rates and has proved 
very useful in such cases. 


Conclusion 


The complexities of corrosion be- 
havior are so great that it is difficult, 
if not impossible, to outline a single 
simple method for evaluating and 
predicting corrosion in all wells. The 
corrosion engineer must understand 
the possible corrosive mechanisms, 
then choose the methods that give 
adequate information at an economi- 





If an entirely satisfactory meth- 
od of identifying little amounts of 
oil is discovered, drilling emulsion 
in exploration wells will show a 
further increase, R. A. Henkes, 
Shell Caribbean Petroleum Com- 
pany, Maracaibo reported recently. 
In his paper Drilling Emulsion, 
presented before the Third World 
Petroleum Congress at The Hague, 
Henkes reviewed the history of the 
development of emulsion muds 
from 1943, their preparation, prin- 
cipal properties, and present appli- 
cation. 

The author reported that the use 
of drilling emulsions containing 
crude or refined oils have brought 
about remarkable increases of bit 
life and penetration rates, but he 
emphasized that he did not believe 
that by dispersion of just any type 
oil optimum increases in bit life 
and drilling speed could be ob- 
tained. 

Drilling emulsions offer unique 
possibilities for the introduction of 
additives for specific purposes into 





Drilling Emulsions in Exploratory Wells 


a hole, as it carries both water and 
oil- soluble compounds, Henkes 
stated. Several references can be 
found in literature on corrosion 
and corrosion fatigue of drill pipe 
caused by the use of oil base mud 
or drilling emulsion. 

Henkes also reported that in spite 
of the considerable advantages 
connected with the use of drilling 
emulsions, a common complaint 
against their use, particularly in 
exploration wells, is the difficulty 
of determining whether the oil that 
is found in cores is indigenous to 
the formation or emulsions. A re- 
fractometer is generally used by 
the Royal Dutch-Shell group of 
companies, thereby enabling the 
operator to determine on a very 
small sample if the oil from the 
core is identical to the oil contained 
in the emulsion or not. Neither the 
refractometer nor the fluoroscopic 
method is entirely satisfactory; the 
difference in fluorescence of the 
oil from a core and an emulsion 
is also used for this purpose. 
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cal cost. The acidity rules help in an. 
ticipating corrosion, the coupon sys- 
tems help define its course, and ‘he 
iron content methods are useful as in. 
dicators or comparison controls for 
mitigation methods. All these meth. 
ods are useful, but the data yielded 
must be judged in light of the condi- 
tions of the particular well under test, 


It is evident that the prediction 
methods are still in a state of devel- 
opment. Considerably more funda. 
mental data must be accumulated be- 
fore our present approximations can 
become more exact. It is believed that 
an extension of the laboratory studies 
such as were described in this paper 
could greatly extend our prediction 
accuracy and add to the usefulness of 
our present methods. 
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... than taking candy from a baby 


or installing a casing hanger from 





the derrick floor! 





CASING HEADS 
HAVE SET A NEW 
SAFETY SIANOAKO 
for RIGS AND CREWS 


When it arrives at your rig, the O-C-T 
“C-19" Casing Hanger has been pre- 
assembled and is ready to install from 
the derrick floor. So, instead of seven 
separate pieces to “juggle” and install 
when hanging pipe, the sealing element, 
slip bowl and slips in the “C-19" are 
assembled as a single unit that may be quickly 
wrapped around the casing, latched and dropped 
into place in a jiffy. The seal is automatic when 
casing weight is applied; thus, elevators are released 
‘ to raise blowout preventers. Now, what could be 
ste : a eS 4 Oy | oo easier? All the work is done from the derrick floor 
; ‘ 4 without leaving any remote possibility open at any 
time for your well to pressure up and blow out. 
Ask your O-C-T Representative or write for details 
on the "C-19”" . . . the first slip type casing head 
to meet every well completion condition with a 

single compact model! 








COMMENTS ON PAPER: PREDICTION OF 


CORROSION 


By A. J. Morrison, 
Shell Oil Company. 
Los Angeles, California 


“The work of D. A. Shock and 
}. D. Sudbury is a great step forward 
in the formulation of the laws govern- 
ing corrosion in oil wells. In this new 
field of study very little specific in- 
formation regarding the mechanisms 
of this type of corrosion are known 
and no real progress will be made 
until they are finally evaluated. Any 
contribution such as the one under 
discussion is eagerly received. 

“The following comments on the 
paper serve a double purpose: First, 
to offer an exception, in the case of 
pumping wells, to the general rule 
that “internal corrosion of oil wells 
is the result of hydrogen ion concen- 
tration in the water” and “the ten- 
dency to corrode is a measure of the 
number of hydrogen ions” and sec- 
ond, to offer an additional mechanism 
to those already mentioned, namely. 
bacterial attack. 


Corrosion in Pumping Wells 


“An exception to the general rule 
that corrosion depends primarily on 
the pH of the corrosive waters is 
found in the case of pumping wells. 
\lthough the general rule is still true 
it should always be mentioned that 
in any system under cyclic stress the 
effects of corrosion fatigue far out- 
weigh the effects of overall corrosion 
due to hydrogen ion concentration. 

“We offer the above exception to 
the general rule because our expe- 
rience has shown that any corrosion 
alleviation program predicated on the 
pH rule alone will run into serious 
difficulties when applied to pumping 
wells. Our own experience is the pain- 
ful example. Early in 1950 we sensed 
intuitively that corrosion was propor- 
tional to hydrogen ion concentration, 
so we devised a laboratory test ap- 
paratus similar to the one first de- 
scribed by J. N. Breston and_pro- 
ceeded to select inhibitors on the basis 
of the corrosivity of the various well 
waters. Remarkable curves were ob- 
tained and it appeared that the prob- 
lem was solved with one preliminary 
step. We were soon disillusioned. The 
pumping well —the final arbiter — 
laid down its own inexorable laws 
and we discovered that cyclic stresses. 
ealvanic potenial, and the pH value 
of the electrolite were creating phe- 
nomena violently at odds with our 
laboratory determinations. Labora- 
tory examinations of sucker rod 
breaks indicated without exception 
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IN OIL AND GAS WELLS 


that the failures were due to fatigue, 
which started with very tiny corro- 
sion pits. In some cases rods were 
found to be in excellent condition 
otherwise, and that general corrosion 
attack was very light. But as pulling 
jobs are expensive we were con- 
fronted with the fact that one of the 
minor aspects of corrosion had be- 
come the most important economi- 
cally. The ultimate correlation of the 
forces at work in pumping well cor- 
rosion are yet to be made and a true 
engineering solution to pumping well 
corrosion problems will await that 
day. But a word of caution regarding 
too general an acceptance of the hy- 
drogen ion concentration theory for 
pumping wells seems to be wise at 
this point. 


Bacterial Corrosion 
“Any list of corrosive agencies 
would not be complete without some 
mention of the action of bacterial at- 
tack in oil wells. An article by Keith 
Doig of Shell Oil Company and Dr. 


A. Wachter of Shell Development 


Company, entitled “Bacterial Casing 
Corrosion in the Ventura Field” has 
been read and submitted to the NACE 
and it contains all of the pertinent 
data regarding Shell’s recent findings 
in bacterial corrosion. 

“Briefly it was discovered that 
where drilling fluids have a pH suit- 
able for bacterial growth it is pos- 
sible to introduce colonies of sulfate 
reducing anaerobic bacteria behind 
the well casings, which can result in 
serious corrosion. To date, 46 well 
casings have failed through this type 
of attack. In this particular type of 
corrosion the bacteria reduce sul- 
fates. (a) to obtain oxygen for the 
oxidation of organic substances, and 
(b) for the oxidation of hydrogen for 
the production of energy, at the same 
time forming H.,S. 

“Tests were made from asceptic 
cores taken between depths of 3000 
to 4000 ft to determine if bacteria 
were present in situ. While the result- 
ing cultures were not conclusive the 
weight of evidence still points to the 
fact that the primary source of the 
bacterial invasion was from drilling 
mud. The remedy for all future wells 
is to raise the pH of the drilling fluid 
above 10 because effective kills are 
made at such an alkalinity. What to 
do with wells presently contaminated 
is a question not yet solved. 

“The above evidence indicates that 
bacteria are a potent factor in the 
corrosion field. Evidence of the pres- 


_ subject.” 


ence and effectiveness of these organ- 
isms have subsequently been found in 
salt water disposal systems, field sior- 
age tanks, and in absorption plant 
cooling systems. Their recognition 
and evaluation are a part of any well 
rounded corrosion investigation.” 


By Oil and Gas Well Corrosion 
Committee, 

Pacific Coast Branch TP-1A 
National Association of Corrosion 
Engineers 
Presented by E. O. Kartinen 


“The authors have summarized the 
basic theories of corrosion as are 
known today. An understanding of 
the principles described form one of 
the tools that an engineer must have 
to enable him to properly study the 
problem of “Down the Hole Corro- 
sion” in oil and gas wells. 

“The other tool that an engineer 
needs deals with the physical or prac- 
tical aspects of the problem of oil pro- 
duction. Such factors that must be 
considered along with the laboratory 
studies include items such as string 
stress distribution that includes stress 
ranges and reversal frequencies as 
applied to both rod and _ tubing 
strings. Another factor is that of abra- 
sion resulting from metal to metal 
contact in a corrosive media, move- 
ment of fluid borne solids, and the 
errosive action of turbulent fluid flow. 


“This paper once again calls the at- 
tention of the oil industry to the prob- 
lem that is probably the largest single 
factor in subsurface operating costs. 


“Laboratories are learning the basic 
principles related to corrosion. Field 
eroups are finding progressively more 
effective means of applying those 
principles. An increasing awareness 
of the costs of corrosion has stimu- 
lated research efforts, and we may 
expect a rapid extension of our funda- 
mental knowledge and a major prog- 
ress in the development of the prac- 
tical field techniques for predicting 
and controlling corrosion. 


“The authors are to be compli- 
mented on the timeliness of this paper. 
The industry is indebted to them and 
such organizations as the American 
Petroleum Institute, the Natural Gaso- 
line Association of America, and the 
National Association of Corrosion 
Engineers, who have been the pio- 
neers in the study of basic corrosion 
theories, its predication and mitiga- 
tion. 

“The paper, although complete 1 
itself, may be likened to a door, hich. 
now opened will reveal entirely new 
concepts and techniques. The paper 
invites further study and experimen- 
tation that should provide the basis 


for additional reports on this vital 
ke 
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More hours of low-cost drilling .. . fewer hours of costly down- 
time . .. with today’s high-speed, high-efficiency drill rigs and tools. 
Alloy Steels, plus improved design and modern drives, help lower the 
cost of going deeper into the world’s oil fields. 


Alloy Steels by Republic give rig drives, rotaries, pump parts, and 
bits the extra strength and extra toughness to drill more feet of hole at 
lower cost. Leading rig, tool, and equipment builders depend on Republic 
Alloy Steels . . . products of America’s leading alloy steel producer . 


REPUBLIC STEEL CORPORATION :- Alloy Steel Division * Massillon, Ohio 


GENERAL OFFICES e CLEVELAND 1, OHIO 
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Other Republic Products include Casing—Tubing—Line Pipe—Upson Studs, Bolts, Nuts and Rivets—Electrunite Boiler Tubes 
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A double packed Stuffing 
Box for use under most 
adverse pumping and 
flowing conditions (be- 
low). Be sure to order 
Type A-123-SBDP. 





All Hercules Duplex Polished 
Rod Stuffing Boxes are Cone 
Packed for longest possible life 
and greatest economy. Illustra- 
ted (left) is Regular Type. 
Write for BuHetin 120-SB. 


The Tee-Base Type Combina- 
tion Stuffing Box and Tee (di- 
rectly below) have been proven 
by years of service and savings 
to producers. Write for Bulle- 
tin 121-SBT. 


For greater savings, replace 
old style Upper Glands with 
the New Hercules Lubricating 
Upper Gland, as shown on Stuf- 
fing Boxes illustrated. 


SOLD AT ALL SUPPLY STORES 


Export Representative: 

OIL FIELD EQUIPMENT CO., INC. 
T. E. WARD, President 

30 Church St., New York 17, N. Y. 











Automatic Oil Well Drilling 
and Producing Is Foreseen 


Forecasts that automatic drilling of oil wells will be 
perfected and automatic production of oil leases will be 
extended in the near future, were heard by attendants of 
the Gulf Oil Production Engineering Conference in Pitts. 
burgh, Pennsylvania recently. 

John H. Starbird, production engineer for Gulf at Paloma, 
California, and E. L. Petree, district superintendent of pro. 
duction, Houston division, reported on progress in the auito- 
matic field as highly promising. 


Drilling Rig Control 

Automatic controls, Starbird said, are being developed 
with the aim of permitting devices on drilling rigs to op.- 
erate by themselves after proper adjustment by the driller, 
and to take care of variances in operation without further 
correction. 

Such equipment will not replace the driller, he asserted, 
but will relieve him of the constant alertness required to 
operate the drill brake and give him more time to supervise 
rig maintenance. 

The resulting mechanical elimination of human error will 
effect many advantages, he asserted. 

By controlling the weight of the drill string with auto- 
matic precision, the hazard of “twist off” will be decreased. 
By permitting the bit to drill at maximum speed at all times, 
even while the driller is supervising the rig, the automatic 
equipment promises to reduce drilling time. 


Automatic Weight Control 


Automatic weight control, he said, is expected to decrease 
bit wear. The automatic equipment can also give directional 
accuracy, contributing to drilling straight holes. 

Much development work has been done on such apparatus. 
A number of devices are in the experimental stage but 
others have recently been operated successfully. On the basis 
of this current experience, Starbird declared: 

“T am sure that in the future the industry will realize a 
completely automatic rig that will be economically justified.” 

Taking up the application of automatic devices to pro- 
ducing oil leases, Petree said that beginning in 1948, a num- 
ber of leases have been so equipped. As a result of these 
experiments, the devices used have reached the proved stage. 

The equipment permits wells of the leases to be produced 
on a 24 hour a day basis, or to be turned on and shut off at 
intervals required to produce a specified output of oil 
per day. 

When sufficient numbers of leases have been set up on an 
automatic basis, he predicted, the general production oper- 
ation will be simplified, and, “in fact, will be set up on an 
assembly line basis.” 


Routine Well Checks 


Pumpers will make routine checks of wells and tank bat- 
teries to ascertain if the wells are producing correctly. Pro- 
ducing equipment will be checked on schedule by tech- 
nicians, who will perform the necessary servicing. Lease 
maintenance, such as cleaning and painting equipment and 
flow line repair, will be done on contract. 

In East Texas, leases totaling 415 wells are already being 
automatically produced, he said, and tentative plans are to 
substantially extend the method. 

Advantages that support this trend include, he stated, 
that every well is produced every day; wells can be stag: 


gered in their flow schedule providing a constant flow of 


gas to the gasoline plant: and finally greater overall 
economy of operation. 

Not all types of leases, he cautioned however, are adapt- 
able to automatic production. 
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Corrosion-Prevention in a TCC Gas Plant 


Measures consist of removal of water 


with coalescers at appropriate points 


C. A. MURRAY* AND M. A. FURTH* 


F xp to the gas plant at the Smiths 
Bluff refinery of Pure Oil Company, 
Nederland, Texas, consists of liquid 
gasoline and lighter vapors from the 
TCC units. It includes water from 
process steam and corrosive chemicals 
such as hydrogen sulfide, ammonia, 
and volatile organic acids, which re- 
sult from the breakdown of parent 
compounds in the charge oil during 
the cracking reaction. 


Description of Gas Plant 
Fig. 1 is a simplified process flow 
sheet of the gas plant, including the 


—_— 


*Presented to a corrosion session during the 


sth Mid-Year Meeting of the American Petro- 
cum institute’s Division of Refining, Tulsa, 
Oklaic na, May 1, 1951. 

ance Pure Oil Company, Smiths Bluff Re- 
hery, Nederland, Texas. 


temperatures, pressures, and steam 
flows at various points in the system. 

This gas plant serves two TCC 
units; it is conventional, with a de- 
propanizer, an absorber, a debutan- 
izer, and a depentanizer as the frac- 
tionation towers. The gas plant has a 
compression system, which consists of 
three compression stages to 40 psi, 
140 psi, and 400 psi, respectively. 
There are various water separators, 
heat exchangers, coolers, and reboil- 
ers—all of which have been subject 
to varying degrees of corrosion. 


Replacement Time 


Corrosion in the shell-and-tube type 
heat-exchange equipment has been un- 
usually severe. Even though major 
retubing was done during regular in- 
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spection shutdowns of the unit, there 
have been frequent unexpected fail- 
ures that occurred during operating 
periods. 

The depropanizer charge-bottoms 
exchanger tube bundle had to be re- 
tubed or replaced 5 times in 65 
months. The shell was replaced once, 
and thin spots on the new shell were 
wash-welded during the same period 
of time. Admiralty tubes were substi- 
tuted for steel at the time of the sec- 
ond retubing, with a slight improve- 
ment in life, The debutanizer reboiler, 
which had steel tubes, was retubed or 
replaced 6 times in 61 months. These 
failures, having taken place in rela- 
tively hot streams, suggested the pres- 
ence of a corrosion reaction acceler- 
ated by heat. 
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Admiralty tubes were used in the 
depropanizer and debutanizer con- 
densers. The depropanizer condenser 
required four retubings because of 
corrosion from the process side over 
five years’ operation. The debutanizer 
condenser required retubing once af- 
ter four years of service. This was also 
because of corrosion from the process 
side. 

The original steel tubes of the ab- 
sorber charge cooler were replaced 
with steel after 1614 months of service, 
and then with 70-30 copper-nickel af- 
ter 1814 months of service. Corrosion 
on the process side of both metals was 
noticeable, but not to the same degree 
as that experienced at other places 
in the gas plant. 


Corrosion Causes 

In searching for a possible explan- 
ation for corrosion in the depropan- 
ier overhead stream and in the ab- 
sorber charge stream, it was found 
that quantities of water were associ- 
ated with these streams. It was pos- 
tulated that corrosive chemicals car- 
ried in water might be responsible in 
some degree for corrosion having 
taken place. The theory that water- 
soluble chemicals influenced corrosion 
was supported by a comparison of the 
depropanizer and the debutanizer con- 
densers. 

The depropanizer condenser bun- 
dle is pictured in Fig. 2. This bundle 
has a badly scaled-up and fouled ap- 
pearance. The debutanizer condenser 
bundle is shown in Fig. 3. This bundle 
presents a relatively clean condition. 
and shows no significant corrosion to 
date. It is felt that the relative dirti- 
ness and abundance of corrosion pro- 
ducts in the depropanizer condenser. 
as compared to the debutanizer con- 
denser, may be attributed to the rela- 


tive quantities of water present in the 
streams, 

The intermediate amount of corro- 
sion and scale found present in the 
absorber charge cooler is felt to be 
the result of an intermediate quantity 
of water having passed through the 
cooler. Bundles in relatively hot 
streams experienced corrosion. Bun- 
dies in relatively cool streams with 
large amounts of water experienced 
corrosion. In relatively cool streams 
where water was absent, the corrosion 
experienced was negligible. 


Corrosion Survey 


It was determined, from qualitative 
analytical work, that the principal cor- 
rosives present were hydrogen sulfide, 
ammonia, and unidentified organic 
acids, in water solution. Accordingly, 
a complete gas-p!ant corrosion survey 
was made; and the concentrations, in 
per cent by weight of corrosives in 
water, plus water present in gallons 
per day, were estimated for the va- 
rious streams of the gas plant. Results 
of this survey are as follows: 

1. Water entering the gas plant 
from the cracked-oil tower over- 
head separators: 

\. Water vapor with gas feed 
to compression system: 3850 
gal per day, as liquid. 

Water condensate at com- 
pression plant from north 
first-stage separator: pH, 
8.5; ammonia, 0.07 per 
cent; hydrogen sulfide, 0.12 
per cent. 

B. Entrained water with liquid 
hydrocarbon from north 
cracked-oil tower overhead 
separator: 850 gal per day: 
pH, 8.5; ammonia, 0.035 
per cent; hydrogen sulfide. 
0.054 per cent, 
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C. Entrained water with hydro- 
carbon from south cracked- 
oil tower overhead separa- 
tor; 300 gal per day; pH, 
8.0; ammonia, 0.042 per 
cent; hydrogen sulfide, 
0.081 per cent. 

Total: 5000 gal per day. 


Distribution of water through 

the depentanizer: 

A. Water charged to depentan- 
izer: 300 gal per day; pH, 
8.0; ammonia, 0.042 per 
cent; hydrogen sulfide, 
0.081 per cent. 

B. Water leaving depentanizer 
overhead (plus reboiler leak 
at time of survey): 719 gal 
per day; pH, 7.6; ammonia, 
0.083 per cent; hydrogen 
sulfide, 0.18 per cent. 

. Water leaving depentanizer 
bottom: 104 gal per day; 
pH, 6.3; organic acids (as 
acetic acid), 0.006 per cent. 


3. Distribution of water through 


the depropanizer: 

A. Water charged to depropan- 
izer: 2090 gal per day; pH, 
8.5; ammonia, 0.30 per 
cent; hydrogen sulfide, 0.53 
per cent. 

. Water leaving depropanizer 
overhead: 290 gal per day; 
pH, 7.7; ammonia, 0.85 per 
cent; hydrogen sulfide, 1.52 
per cent. 

C. Water leaving depropanizer 
bottom: 1800 gal per day; 
pH, 8.0; ammonia, 0.002 
per cent; hydrogen sulfide, 
0.004 per cent. 


Distribution of water through 

debutanizer : 

A. Water charged to debutan- 
izer: 1800 gal per day; pH, 
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8.0; ammdnia, 0.002 per 
cent; hydrogen sulfide, 
0.004 per cent. 

B. Water leaving debutanizer 
overhead: 90 gal per day; 
pH, 8.8; ammonia, 0.006 
per cent; hydrogen sulfide, 
0.004 per cent. 

C. Water leaving debutanizer 
bottom: 1710 gal per day; 
pH, 5.5; organic acids (as 
acetic acid), 0.012 per cent. 

5. Estimate of water passing 
through absorber: 

A. Water leaving absorber: 320 
gal per day; pH, 7.3; am- 
monia, 0.143 per cent; hy- 
drogen sulfide, 0.336 per 


cent, 


Chemical Corrosives 


From the foregoing it can be seen 
that there were normally 5000 gal of 
water per day introduced to the gas 
plant. One source of water was vapor 
introduced with the gas from the 
cracked-oil tower overhead gas and 
water separators. A second source was 
entrained water carried along with 
gasoline from the bottom of each of 
the separators into the gas plant. It 
will also be noted that, at the time of 
the survey, there was a depentanizer 
reboiler leak, which introduced water 
into the depentanizer, from whence it 
progressed overhead, and on into the 
depropanizer charge. Water which 
had accumulated in the depropanizer 
charge accumulator was an alkaline 
solution containing ammonia and hy- 
drogen sulfide. In bottom streams, 
however, such as the depentanizer or 
debutanizer reboiler, the water was 
slightly acidic. The water contained 
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ammonium salts of organic acids, 
which had dissociated at reboiler tem- 
peratures to produce an acid solution 
which, in conjunction with corrosion 
products carried to the reboiler, pro- 
duced very severe localized attack on 
reboiler tubes. It is very likely that the 
heated depropanizer charge stream 
and also the depropanizer reboiler 
stream similarly contained salts that 
gave acid conditions during actual 
operation. 


Corrosion Products 


In addition to corrosive chemicals 
carried by water in the streams, it was 
indicated that corrosion products, 
such as metallic sulfide sludges, were 
a factor in producing localized attack. 
The adverse corrosion influence of 
corrosion-product sludges was empha- 
sized at the time of a debutanizer re- 
boiler failure in January 1949. Inspec- 
tion indicated considerable iron-sul- 
fide sludge lodged at the bottom of the 
reboiler bundle and also packed 
around the bottom reboiler tubes. Sur- 
face losses of bottom tubes which had 
been in the sludge averaged 0.020 in. 
Surface losses of top tubes which were 
not in contact with the sludge aver- 
aged 0.002 in. The bottom tubes were 
severely pitted, whereas top tubes had 
a slight uniform attack, Tubes of this 
bundle had been in service but three 
months. 


Preventive Measures 


Inasmuch as the corrosion had been 
so closely connected with water, it was 
thought that the most practical meas- 
ures for corrosion prevention should 
consist of water-removal steps wher- 
ever possible in the gas plant. It was 


recommended that water be removed 
at four different places: 


1. 300 gal per day of water entered 
with gasoline from the bottom 
of the south cracked-oil tower 
overhead separator. It was rec. 
ommended that this water be re. 
moved with a coalescing-type 
entrained-water separator. 


2. 850 gal per day of water entered 
with gasoline from the bottom 
of the north cracked-oil tower 
overhead separator. It was rec. 
ommended that more water-set- 
tling capacity be provided at 
this point. Separation of this 
stream should be more in line 
with the efficiency of the present 
south cracked-oil tower over- 
head separator. 


3. A further source of water in the 
gas plant consisted of that which 
had resulted from condensation 
of water vapor, following the 
various compression stages, 
plus water from compressor 
drip gasoline which becomes 
entrained in depropanizer 
charge accumulator hydrocar. 
bon liquid. Although water had 
been removed at the separators 
prior to compression and after 
the first-stage compression, no 
water was removed after the 
140-psi or the 400-psi compres- 
sion. It was suggested that a 
flood nipple be provided in the 
absorber bottom outlet, with 
provisions for a separate water 
draw from the bottom of this 
tower. 


4, It was recommended that a coal- 
escing-type entrained-water sep- 
arator be provided at a point up- 
stream of the depropanizer 
charge exchanger to remove the 
remaining free water. 


It was anticipated that, after water 
had been eliminated as far as possible 
from the gas plant by the proposed 
measures, trace amounts of corrosives 
might still remain in small quantities 
of residual water. Chemical neutrali- 
zation was then suggested in order to 
effect further corrosion reduction, if 
required. To accomplish this, it was 
thought that ammonium hydrosulfide 
dissolved in water might be decom- 
posed or rendered inert. Bottom’ 
stream ammonia-organic-acid salts 
might be converted to salts less likely 
to dissociate with heat, such as sodium 


‘or amine salts. Provision for such 


chemical injection was therefore, rec- 
ommended at a point prior to the de 
propanizer charge-bottoms exchanger. 

It will be recalled that the debutan- 
izer reboiler tube failure was con- 
nected with iron-sulfide sludge, which 
had lodged at the bottom of the re- 
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boiler bundle. Indications were that 
the sludge acted as a coalescing me- 
dium for water, or that it was cathodic 
to carbon steel and may have acceler- 
ated corrosion by galvanic effect. It 
is likely that both influences acceler- 
ated the corrosion. Of course, the 
source of the sludge was in part caused 
by corrosion of the tubes themselves; 
but the larger part of the sludge was 
the result of attack by hydrogen sul- 
fide farther back in the system. Liquid 
in the system carried sludge particles 
over to the reboiler. Laboratory tests 
have also established the increased 
corrosion tendencies of such sludge 
under stimulated conditions. 

To reduce this corrosion, pending 
the installation of entrainment separa- 
tors where they had been recom- 
mended, the sludge factor was reduced 
by notching the bottoms of baffle 
plates of the tube bundle, and by en- 
larging the weep hole of the weir plate 
in the reboiler so as to encourage more 
thorough drainage of water and sludge 
to the bottom process outlet connec- 
tion. A sketch of the drainage and 
drawoff arrangement is given in Fig 4. 

This bundle was open for inspec- 
tion three months later. Little sludge 
was found, and no further measurable 
metal loss had been experienced on 
the bottom row of tubes, viz., the same 
row that had failed after having been 
submerged in sludge and water in the 
previous three months. 

The bundle was not open for in- 
spection for another seven months, 
when again some sludge deposits were 
found in the middle tubes near the 
bottom of the bundle, and when the 


bottom tubes showed slight additional 
corrosion losses. Inasmuch as the bun- 
dle was already corroded at the time 
the weir notching was done, these 
losses, as well as overall additional 
losses, were sufficient to warrant the 
installation of a newly retubed bun- 
dle. Six months elapsed before the 
next inspection of the bundle. \At this 
time the tubes were found to be pitted 
and corroded, with the area of deep- 
est pitting in the top portion of the 
bundle. Although the tubes had not 
failed, earlier unsatisfactory expe- 
rience prompted a conservative deci- 
sion to avoid the possibility of an 
unexpected failure, and the bundle was 
retubed, These results indicate that 
the baffle notching and drainage of 
reboilers had served to avoid emer- 
gency gas-plant shutdowns resulting 
from failure of the bottom rows of 
tubes. However, corrosion—although 
at a reduced rate—was still taking 
place in the reboiler because water 
was passing through the bundle. 


Water-Removal Measures 


Three of the recommended meas- 
ures for water removal subsequently 
were put into effect. The first was the 
installation of a flood nipple in the 
bottom of the absorber tower, with the 
establishment of regular manual wa- 
ter withdrawal every four hours. Wa- 
ter is regularly drawn from this point. 
It is believed that this procedure has 
accomplished its purpose by lessening 
the load on the entrainment separator 
placed farther down-stream in the 
system. 

The second water-removal measure 


was the installation of a coalescing- 
type entrainment separator on the de- 
pentanizer-feed gasoline stream. This 
entrainment separator is simply a 
small vessel which contains excelsior 
as a coalescing agent and which has a 
small leg for the purpose of trapping 
the separated water. The trap has an 
automatic liquid-level control, which 
provides for disposal of separated wa- 
ter. A picture of the separator installa- 
tion is given in Fig. 5. 

This separator has been very suc- 
cessful in operation, and has required 
no particular servicing or attention to 
accomplish its job. Water removal in 
this system was for the purpose of 
providing corrosion protection for the 
depentanizer charge-bottoms exchan- 
ger, the depentanizer reflux conden- 
ser, and the depentanizer reboiler. 
This section of the gas plant has not 
been open to inspection since the in- 
stallation of drying facilities, and it 
is not possible at this time to report 
results, ia id 

The third water-removal measure 
was the installation of a coalescing- 
type entrainment separator on the de- 
propanizer charge stream, following 
its juncture with the absorber bottoms 
stream. At this point the stream is all 
in a liquid state, and the water present 
is susceptible to removal by coalescing 
means. Like the depentanizer charge 
entrainment separator, this separator 
also utilizes excelsior for a water-coal- 
escing agent. 

Although the water-removing ca- 
pacity of this separator is larger than 
that for the depentanizer charge, its 
efficient operation depends to a large 


FIG. 5. Typical installation of coalescing-type 


water-entrainment separator. 


FIG. 6. Corrosion on depropanizer charge— 
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extent on adequate manual removal 
of excessive water from the depropan- 
izer charge accumulator, Excess water 
still continues intermittently to load 
the charge accumulator, and will do 
so until such time as the separator 
eficiency on the north pale 23° ar 
tower overhead stream is increased. 
The construction and location of the 
charge accumulator is such that its 
use as a water separator is difficult and 
inefficient, and it follows that the man- 
ual water-drawing operation is an in- 
efficient one. 

This difficulty is especially signifi- 
cant because large amounts of water 
were allowed to pass into the depro- 
panizer charge stream during an ini- 
tial two-month period before water- 
drawing procedures at the depropan- 
izer charge accumulator were empha- 
sized. It is likely that intermittent in- 
troduction of water into the depro- 
panizer charge has occurred even dur- 
ing the following period of operation. 

The depropanizer-debutanizer sec- 
tion of the gas plant was open to in- 
spection January 1951—7 months af- 
ter water-removal measures. It is pos- 
sible in this short period of time to 
describe results that are considered 
indications of successful corrosion 
prevention. 

Definite improvement in corrosion 
experience was found in the depro- 
panizer charge-bottoms exchanger. 
Each previous year this tube bundle 
had been so extensively corroded on 
the shell side that retubing was neces- 
sary. During the last inspection shut- 
down the corrosion was minor for the 
bundle as a whole, and was severe at 
only two places. A small amount of 
sludge had lodged between the tubes 
and baffle at the first baffle, and be- 
tween the tubes and tube sheet at the 
floating tube sheet. The sludge and 
corrosion had been confined*to these 
two places only on the bottom three 
rows of tubes. At the point of sludge 
contact with the tube, the tubes had 


corroded areas | in. to 2 in. long. The 


area of corrosion on one tube is indi- 
cated in Fig. 6. It is emphasized that, 
except for these two areas of sludge 
accumulation, at no place had the 
tubes lost significant amounts of me- 
tal. Previously all tubes of this bun- 
dle had shown excessive corrosion 
for a similar period of operation, It 
is believed that the corrosion in this 
exchanger reflects the periodically in- 
efficient water removal at the depro- 
panizer charge accumulator, as well 
as consequent interference with opera- 
tion of the entrainment separator, 
which has already been described. 
There is little doubt that, with water 
substantially eliminated from the 
charge stream, future corrosion will 
be negligible in this exchanger. 


C-8 


Evidence was also found that wa- 
ter removal was not complete, and 
that corrosion had not been altogether 
stopped in the depropanizer reboiler. 
This reboiler contained excessive de- 
posits of sludge and evidence of slight 
corrosion on the bottom tubes. The 
corrosion, however, was not so severe 
as had formerly been experienced, and 
it was not necessary to retube the bun- 
dle. As in the case of the depropanizer 
charge-bottoms exchanger, it is felt 
that the remaining corrosion in this 
case is largely the result of occasional 
inadequate water removal at the de- 
propanizer charge accumulator and 
at the entrainment separator. As meas- 
ures are taken to increase separator 
efficiency in streams that feed the de- 
propanizer accumulator, the intermit- 
tently high load on the depropanizer 
entrainment separator will be elimi- 
nated. Depropanizer reboiler corro- 
sion then should be reduced to minor 
proportions. 

Excellent corrosion reduction had 
occurred in the debutanizer reboiler, 
although large quantities of sludge de- 
posits again were found in this vessel. 
The reboiler tubes were not corroded 
at all, even at the bottom of the bun- 
dle, where they had been surrounded 
by sludge, because of the absence of 
water from the reboiler. The water- 
removal program is indicated as suc- 
cessful in eliminating severe corro- 
sion at this reboiler, where formerly 
attack was intolerable. 

After no accumulation for two 
years, the re-appearance of substan- 
tial amounts of sludge deposits in the 
reboiler was surprising. This re-oc- 
currence may be explained by the fact 
that there is now a lack of water in 
sufficient quantity in the reboiler to 
flush deposits from the bundle to the 
outlet nozzle. 


There were two immediate opera- 
tional benefits which resulted when 
the driers had been put in operation. 
These are mentioned as indicative of 
unexpected advantages—actually hav- 
ing no connection at all with corro- 
sion—which may result from a corro- 
sion-control program. 


Operational Benefits 


One benefit is the reduction of caus- 
tic consumption at the gas plant. It 
was necessary to charge the debutan- 
ized gasoline caustic scrubber with 
fresh caustic at least every other day, 
largely because of dilution of caustic 
with excess water which passed 
through the gas plant. Initiation of the 
water-removal operation immediately 
stabilized the consumption of caustic 
in this scrubber, and it was not neces- 
sary thereafter to recharge with fresh 
caustic more than once a month. 

A second benefit was distinctly im- 


proved operation of both the depro. 
panizer and the debutanizer towers. 
This had been somewhat erratic be. 
cause of water accumulation and be. 
cause of slugging into the rebciler, 
Water drainage through the reboilers 
caused by notching of baffle plates, as 
well as the removal, later on, of en. 
trained water from the feed stream 
eliminated this difficulty. 

It is pertinent to review the eco. 
nomic justification for the installa. 
tion. Experience previous to the in- 
stallation of entrainment separators 
established a cost of approximately 
$1.20 per square foot per year—this 
for direct material and labor charges 
for maintenance of heat-exchange sur- 
face in the gas plant. The total instal- 
lation cost of the separators and the 
chemical injection equipment 
amounted to $0.45 per square foot of 
gas-plant exchanger surface. Results 
to date leave no doubt that the instal- 
lation is economical, based on direct 
maintenance costs alone. Larger and 
less tangible economic benefits have 
also resulted from improved continu- 
ity of operation. 


Conclusion 


This paper has reviewed the corro- 
sion-control measures for the gas plant 
of a modern catalytic cracking unit. 
Refinery inspection department find- 
ings and laboratory data concerning 
gas-plant streams were used to assess 
the degree and nature of corrosion. No 
matter where corrosion occurred, it 
was found to be almost entirely as- 
sociated with excessive water present 
in the system. 

A corrosion-control program was 
put into effect that consisted, for the 
most part, of water-removal measures 
at key points in the gas plant. Findings 
have been discussed that indicate the 
success to date of the water-removal 
program. 

The authors wish to acknowledge 
gratefully the cooperation of W. S. 
Bedell for having supplied records 
and for having contributed to the 
interpretation of inspection findings. 
The authors also wish to express ap- 
preciation to The Pure Oil Company 
for permission to prepare and publish 
this report. 
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FIG. 1. Houdriforming pilot unit. 


HOUDRIFORMING 


A CONTINUOUS 


REFORMING PETROLEUM 


PROCESS FOR 
NAPHTHAS 


C. G. KIRKBRIDE* 


Hovprtrorminc is a catalytic process 
for reforming petroleum naphthas to 
aromatic concentrates and high octane 
gasoline. Dual-function catalysts have 
been developed for this process. These 
catalysts are very selective for (1) the 
dehydrogenation of C, ring naph- 
thenes, (2) the dehydro-isomerization 
of alkyl cyclopentanes, and (3) the 
isomerization of normal and slightly 
branched paraffins into highly branch- 
ed paraffins. Essentially no hydro- 
cracking occurs and, therefore, sub- 


———. 


* ° 
P Houd:y Process Corporation, Marcus Hook, 
ennsy!vania. 


stantially pure hydrogen (97%-+-) is 
produced. The catalysts are not af- 
fected by sulfur compounds includ- 
ing thiophene. The process is non-re- 
generative, although for flexibility of 
operation and for protection in case 
of error in operation the catalyst can 
be regenerated in place. The process 
is in an advanced state of pilot plant 
development. Detailed process design 
and mechanical engineering for com- 
mercial scales operation are under- 
way. 

The selective transformation of the 
constituents of naphthas without 
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cracking has been the object of re- 
forming for many years. Thermal re- 
forming, hydroforming,’ and cat- 
alytic reforming processes employing 
platinum catalysts* have shown the 
trend for more specific reactions. In 
the experimental work to be presented, 
the effect of changing catalyst prop- 
erties will be discussed. 

Houdriforming can produce maxi- 
mum yields of benzene, toluene, and 
xylene from specific fractions of a 
crude. Production of benzene and 
toluene will be discussed from an 
experimental and theoretical view- 
point. The production of high yields 
of high octane gasolines from 
straight-run naphthas by Houdriform- 
ing will then be discussed. The iso- 
merization function of the catalyst in 
addition to the dehydrogenation func- 
tion permits the reforming of low oc- 
tane naphthas to high yields of very 
high octane number product. 


Houdriforming for Aromatic 
Production 


Experimental. The Houdriform- 
ing process can be visualized by con- 
sidering typical pilot plants in the 
Houdry laboratory shown in Figs. 1 
and 2, and the simplified flow dia- 
gram, Fig. 3. These pilot plants rep- 
resent, respectively, “isothermal” and 
“multibed adiabatic” units. 

In life tests (30-50 days of continu- 
ous operation without regeneration or 
loss of catalyst activity) in multibed 
adiabatic units, different charge stocks 
were processed at widely varying con- 
ditions over the same catalyst. A 
charge stock comprising a 150-220 F 
cut of an East Texas type naphtha was 
used as a base stock and was run pe- 
riodically at fixed conditions to check 
the catalyst activity. The properties 
and composition of this stock are pre- 
sented in Table 1. 

The availability of naphthenes in 
this charge stock would allow a stoi- 
chiometric yield of 48.4 volume per 
cent aromatics based on the charge; 
this includes the aromatics originally 

TABLE 1. 
Inspection of base charge stock 
for aromatic production. 


Boiling range*. . 150-229 F 

Gravity, API (0.2 

Distillation, ASTM 
IBP, F 


162 


10% 180 
30% 186 
50% 190 
70% 196 
90% 204 
Dry point 215 
Composition 

Benzene 1.8 
Toluene. . 4.2 
Methvl evclopentane 5.1 
Cyclohexane 14.3 
Dimethyl] cyclopentanes 9.2 
Methyl cyclohexane . 22.7 
Paraffins 42.7 


*Temperatures are the cut points during preparation of 
this stock using a 20 plate distillation column. 
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FIG. 2. 


present in the charge. Stoichiometric 
conversion of the naphthenes, as will 
be evident later, is not directly attain- 
able because of thermodynamic equi- 
librium considerations. 

The yields of aromatics produced 
from this charge stock are summar- 
ized in Table 2. The yield of aromatics 
increases to very high levels as the 
severity of operating conditions is in- 
creased. A significant fact is that the 
hydrogen recycle gas and off-gas from 
the unit consists of 97.5-98.5 volume 
per cent hydrogen at all conditions. 
In this operation gas separation was 
effected in a simple pressure sepa- 
rator at atmospheric temperature. The 
yield of hydrogen is better than 90 
per cent of theoretical based on con- 
version of naphthenes to aromatics. 
hese facts indicate that the catalyst 
is very selective and promotes very 
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little hydrocracking at the operating 
conditions employed. 

The base charge stock described 
previously was processed at a fixed 
set of conditions. Check runs were 
made with this stock at the same con- 
ditions after 18, 24, and 35 days of 
continuous operation. No change in 
the activity of the catalyst could be 
detected at any of these check inter- 
vals. For the investigation of process 
variables, a multibed adiabatic unit 
has been used. 

The same unit has been used to ob- 
tain engineering design data. Typical 
of the type of information obtained is 
the temperature pattern for the first 
reactor shown in Fig. 4. Similar pat- 
terns prevail in succeeding reactors. 
The temperature drop decreases for 
each succeeding reactor, however, as 
will be seen later. The number of re- 
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actors put in series is dependent on 
the particular stock to be processed 
and the type of operation to be car- 
ried out. 

Other stocks investigated have in- 
cluded C, fractions containing up to 
57 per cent methyl cyclopentane. In 
addition to quantitative dehydrogena- 
tion of cyclohexane present, major 
proportions of the methyl cyclopen- 
tane have been: converted to benzene, 
depending on severity of operations 
and nature of feed. 

Theoretical. Thermodynamic con- 
siderations are significant in aromatics 
production because they limit the per 
cent of products that can be attained 
under various operating conditions. 

Consider the two reactions involved 
in benzene formation: 


(1) C,H,, (cyclohexane) = C,H, 
+ 8H,; Kp» — {9H,)°@GH, _ 


(pC,H,.) 
10, at 950°F 
(2) C,H,. (cyclohexane) = C,H,, 
(methyl cyclopentane); Kp’ = 
—_— cyclopentane — 12 at 950°F 
cyclohexane 
The pressure of hydrogen obviously 











TABLE 2. Houdriforming operations 
processing a 150-220 F East Texas 
type naphtha for benzene and 

toluene production. 





Order of increasing severity 
1 2 3 
Liquid product C4-free, volume 
per cent of charge 93.2 92.2 91.5 
Aromatics in liquid product, vol- * 8 


Conversion of naphthenes to 

aromatics, per cent 70 84 90 
Unit off-gas produced, SCF/bbl 1160 1310 1360 
Hydrogen content of off-gas, 

volume, per cent 98. 98 
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has a very powerful influence on the 
C,H, to C,H,, mol ratio in the product 
and indeed, in the pressure range 
studied, is the limiting factor for ben- 
zene production at a given tempera- 
ture. It is evident from Fig. 5 that at 
pressures above 300 psi the equilib- 
rium amount of benzene falls off rap- 
idly, while the amounts of cyclohex- 
ane and cyclopentanes concommitant- 
ly increase. On the other hand, the 
equilibrium toluene concentration re- 
mains high to a much higher pressure 
than for benzene. Fig. 5 is based on 
thermodynamic data from API Pro- 
ject 44* and represents the equilib- 
rium condition for an East Texas type 
naphtha at a H,/oil mol ratio of 4 at 
950 F, olefin formation not being per- 
mitted. Under the present circum- 
stances, pressures may be substituted 
for fugacities satisfactorily. 
Temperature affects the several 
equilibria to a critical degree. This is 
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shown by Fig. 6 in which is presented 
(for a H,/hydrocarbon mol ratio of 
5 and a total pressure of 300 psi) the 
relative amounts of benzene-cyclohex- 
ane and benzene-cyclohexane-methyl 
 cyclopentane. It is evident that iso- 


merization to form methyl cyclopen- 


tane offers an important reaction from 
the standpoint of benzene yield. 

The maximum yields obtainable in 
adiabatic operation can be calculated 
on the basis of thermodynamic equi- 
librium, the heat of reaction, and the 
heat capacity of the reaction constit- 
uents. Dehydrogenation of naph- 
thenes is highly endothermic and this 
heat is supplied by the sensible heat 
of the reaction constituents. A tem- 
perature-conversion line can be calcu- 
lated, starting at reactor inlet condi- 
tions of temperature and composition. 
When plotted on the same figure as 


the equilibrium composition, this line 
will intersect the equilibrium line at 
a point which then represents the 
maximum amount of aromatics ob- 
tainable in a single adiabatic reactor. 
This is shown in Fig. 6 for cyclohex- 
ane dehydrogenation with a reactor 
inlet temperature of 925 F. 

In actual operation, dehydrogena- 
tion and isomerization reactions of all 
the naphthenes to respective aromatics 
must be considered. Heat carried by 
paraflins is substantial. The adiabatic 
operating lines and thermodynamic 
equilibrium for the stock, specifica- 
tions of which are given in Table 1, 
are shown in Fig. 7. The effect of re- 
actor inlet temperature and number 
of reactors is clearly illustrated. It 
was found experimentally that indi- 
vidual reactor operation of Houdri- 
forming followed closely the theoret- 
ical abiabatic operating lines. 

Ordinarily the process is non-regen- 
erative for the production of aromat- 
ics from a single wide cut charge stock. 
For most severe conditions on unusual- 
ly wide boiling range charge, however, 
a catalyst deposit may accumulate 
slowly and the ability of the catalyst 
to be regenerated provides maximum 
flexibility. Thus a non-blocked-out op- 
eration can be employed for the simul- 
taneous production of benzene, to- 
luene, and xylenes. 


Gasoline Production 


Upgrading. of motor gasoline by 
Houdriforming is accomplished by 4 
reactions: Conversion of 6-membered 
ring naphthenes to aromatics, dehy- 
dro-isomerization of alkyl cyclopen- 
tanes to aromatics, isomerization of 
straight chain or slightly branched 
paraffins to highly branched paraffins, 
and desulfurization of naphtha, which 
improves the lead response. The iso- 
merization function of the catalyst for 
converting low octane paraffins to high 
octane branched chain paraffins is of 
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great importance in attaining the high 
yield of high octane reformate. 

Conversion of naphthenes to aro- 
matics improves the octane rating only 
in the case of higher boiling naph- 
thenes. Thus, the conversion of methyl 
cyclopentane and cyclohexane (F-1 
blending value 107 and 110, resp.) to 
benzene (F-1 blending value 99) ac- 
tually involved a loss of blending num- 
ber octane, while the conversion of 
dimethyl cyclohexane to xylene in- 
creases the blending octane number 
from 68 to 145. In employing Houdri- 
forming for motor gasoline produc- 
tion it is therefore, desirable to use 
only feed stocks that have been frac- 
tionated to include the maximum 
amount of naphthenes in a boiling 
range in which octane improvements 
can be obtained. 

In Fig. 8 are shown octane-yield re- 
lationships for an East Texas type 
naphtha after Houdriforming under 
different operating conditions with 
different catalysts. The specifications 
of this naphtha are given in Table 3. 
Curve A, Fig. 8, represents results ob- 
tained with a commercial molybdena- 
alumina hydroforming catalyst and 
shows how hydrocracking lowers yield 
without corresponding octane gain. 
Also a type of hydrocracking occurs 


with this catalyst that causes catalyst 


deposit formation requiring frequent 
regeneration. Curves B and C were 
obtained with different Houdriform- 
ing catalysts; B has only a dehydra- 
tion function whereas C has both 
dehydrogenation and isomerization 


TABLE 3. Inspection of charge stock 
for gasoline production. 
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Boiling range ‘ ne 188-368 F 
Gravity, API ; ose 55.3 
Distillation, ASTM 
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Aromatics, volume per ¢ent 
Octane number’ F-1 Clear 
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FIG. 8. 


functions. The differences between 
these catalysts become most apparent 
at high octane numbers. It is quite 
striking also that a 78 volume per cent 
yield of C,;, 3 lb RVP product of 97.3 
F-1 clear octane number was obtained 
with catalyst C. 

All yields and octane numbers in 
Fig. 8 are for C,—free gasoline of 
about 3 lb RVP. Considerable outside 
butane may bring the gasoline to 10 
Ib RVP. Overall yield and, to a cer- 
tain extent, also octane numbers are 
thereby raised. Catalyst C under prop- 
er conditions can produce enough bu- 
tane to obtain 10 lb RVP gasoline. 
Catalyst B under all operating con- 
ditions and catalyst C under mild con- 
ditions, however, give products to 
which outside butane must be added. 
Butane produced in Houdriforming 
and the outside butane required thus 
compensate for most or all of the val- 
ume loss suffered in converting the 
naphthenes to aromatics. Indeed, as 
shown in Table 4, the 10 lb RVP gaso- 
line may amount to 100 volume per 
cent plus of the charge when utilizing 


added butane. 








TABLE 4. Houdriformi 


ng of East Texas type nap 





188-368 F, F-1 Clear 51.2 F-1 + 3 ec. TEL 76.6 


Yield, Cs+-, Volume per cent of feed 
Weight per cent of feed 
‘4, volume per cent of feed 
"-1 clear, 3 lb. RVP gaso 
-1 + 3 cc. TEL, 3 lb. RVP gaso..... 


Yield, 10 lb RVP gaso. calec., volume per cent 
F-1 clear, calc 


ro Cute Condition 
3 


5 
7 
1 


88. 

92. 
6. 

91 


97.3 
Iso-octane 

+ 0.3 ce TEL 98 
QR** 
92.5 

99 


* Excess butane over 10 Ib. RVP gasoline is 8.9 vol. per cent. 
** Outside butane required for 10 lb RVP gasoline is 3.4 per cent. 
*** Outside butane required for 10 Ib RVP gasoline is 8.8 per cent. 
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As outside butanes are available in 
most refineries, it is very desirab!e to 
eliminate hydrocracking as far as pgs. 
sible. In the event that butanes are re. 
quired for the production of 10 ]h 
RVP gasoline, hydrocracking can be 
effected. 

In Table 4 are shown yields and oc. 
tane numbers obtained by Houdri- 
forming East Texas type naphtha 
(previously described) at three sets 
of operating conditions. These data 
illustrate how an increase in severity 
of operating conditions will raise oc. 
tane number at expense of yield. At 
desirable operating conditions the us- 
able catalyst life is principally a func. 
tion of external poisoning by impuri- 
ties in the feed stock. With proper 
control of these no loss in activity has 
been experienced in pilot plant runs. 


Conclusion 


Houdriforming is a continuous cat- 
alytic reforming process which is ap- 
plicable to the production of aromat- 
ics as well as to the production of high 
octane number gasolines. A dual-fune- 
tion catalyst has been developed which 
promotes, very selectively, the conver- 
sion of naphthenes to aromatics and 
low octane number paraffins to higher 
octane number paraffins. The process 
is non-regenerative, although for flexi- 
bility of operation and for protection 
in case of plant failure the catalyst 
can be regenerated in place. 

Houdriforming for aromatic pro- 
duction is limited principally by ther- 
modynamic considerations. Substan- 
tially equilibrium amounts of benzene. 
toluene, and xylene can be obtained 
from the 5- and 6-membered ring 
naphthenes contained in naphtha 
stocks. 
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Over a period of years numerous 
papers have been written on the sub- 
ject of the operation and design of 
natural gasoline absorbers. The opti- 
mum temperature, pressure, tray de- 
sign, and number of trays is still an 
open question. Probably the reasons 
that more progress has not been made 
in establishing a uniform standard ab- 
sorber that will operate efficiently un- 
der all conditions are: (1) the rela- 
tive cost of the equipment, (2) the 
difficulty encountered in testing ab- 
sorbers under identical conditions, 
and (3) the even more difficult task of 
properly analyzing the gas samples in 
the laboratory to detect minute quan- 
tities of gasoline components still re- 
maining in the dry gas. This paper is 
written, not to present a new design 
of absorber or method of operation, 
but to review some of the control meth- 
ods of absorbers and the factors af- 
fecting efficient operation. 


Testing the Quality of Lean Oil 


The methods for testing of lean oil 
are covered in detail in the California 
Natural Gasoline Association Bulletin 
No. 5-343 published in 1934, These 
tests also include those used in deter- 
mining the quality of absorption oil 
when received from the refiner. They 
are B.S. and B. shrinkage by water, 
sulfuric acid, and sodium hydroxide, 
molecular weight, and steam emul- 
sion. Further tests are outlined for use 
of the plant operator and laboratory. 
These include the gum content, grav- 
ity, viscosity, and the hempel distilla- 
tion. These tests enable the operating 
personnel to maintain adequately the 
lean oil in good condition to obtain 
the maximum gasoline extraction. 

\dditional tests have been devel- 
oped since the publication of Bulletin 


No. 5-343. Refinements and alterations - 


have been made on some of the exist- 
ing tests. In one case, the vapor pres- 
sure method has been revised to speed 
up the operation and provide results 
that are presumed to be superior to 
those obtained by the standard vapor 
pressure method outlined in the bul- 
letin. The engler distillation has been 
modified so that a close control of the 
distillation unit may be obtained by 


tPresented before California Natural Gas 
Association, 1950. 


*Union Oil Company of California. 
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its use. A method has been developed 


whereby a low temperature fractional . 


analysis can be obtained under care- 
fully controlled conditions. The sam- 
ple of lean oil is withdrawn from the 
circulation system directly into a 500 
ml two-hole stopper flask to which 50 
c.c. of granular calcium chloride has 
previously been added. The oil is al- 
lowed to flow through the flask from 
bottom to top until the flask is thor- 
oughly purged. Pinch clamps are then 
placed on the two connections to the 
flask and the sample transferred to 
the laboratory for analysis. The frac- 
tionating column is evacuated down 
to the pinch clamp on the connection 
that extends to the bottom of the flask. 
The upper connection is then opened 
to the air and a sample drawn into the 
column (75 to 100 ml), which is free 
of water and air contamination. The 
entire distillation is conducted at 40 
mm absolute pressure and a 1/10 gal- 
lon measuring bottle may be used to 
accurately measure the overhead va- 
por. 

The above test method has been 
outlined because the operator believes 
that a fractional analysis will aid in 
providing valuable information to as- 
sist in maintaining the lean oil in good 
condition. 


Lean Oil Characteristics Affecting 
Absorber Performance 


After the characteristics of an ab- 
sorption oil have been determined, the 
responsibility rests with the labora- 
tory personnel or operator to cor- 
rectly apply the findings to the plant 
operation. Knowledge of the viscosity 
of an absorption oil will aid the engi- 
neer in calculating flow rates and pipe 
sizes, but does not appreciably affect 
the plant operation. For this reason 
viscosities may be omitted from the 
routine tests unless a special problem 
is encountered. 


The modified engler distillation 
will, if properly conducted, permit 
the operator to control the fractionat- 
ing still and secure a well-fractionated 
lean oil. The initial boiling point of 
the lean oil is the controlling factor 
in determining whether or not the still 
is operating at peak performance. 
Should the initial boiling point drop 
below 350 F, adjustments are made in 
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the still operation. One operator has 
at times allowed the per cent distilled 
below 380 F to reach 10 per cent or 
more without any apparent detri- 
mental effects on the dry discharge 
gas, providing the initial boiling point 
is higher than 350 F. 

Gum forming materials allowed to 
accumulate in the lean oil accelerate 
the deposition of carbon in the heat 
exchanger equipment and in some 
cases in the still. Therefore, the test 
for gum content is valuable to the op- 
erator in that a constant check can be 
made on the reconditioning lean oil 
still. The gum content of the lean oil 
should be less than 100 lb per 1000 
gal and can be maintained as low as 
25 lb per 1000 gal. If the lean oil has 
become contaminated with compres- 
sor cylinder oil or crude oil from the 
field, it may be necessary to make a 
deeper cut in the lean oil by changing 
the reconditioning lean oil still opera- 
tion. A good reconditioning still prac- 
tically eliminates the necessity for 
changing oil in the system because of 
impurities. Also, a closer boiling 
range lean oil can be maintained. 

The analysis of a lean oil will us- 
ually reveal the presence of light ends 
in lean oil that other tests fail to de- 
tect. As shown in Table 1, only 2 of 
13 plants tested failed to show gaso- 
line components lighter than hexanes. 


. One of these plants was operating a 


1500 lb gage absorber and the other 
plant a 45 lb gage absorber. Kremser, 
who has presented the well known ab- 


3.156 DPG 

M, 
can be used to calculate most ab- 
sorber efficiencies, has also presented 
a formula for calculating the loss in 
the dry discharge gas when the lean 
oil is improperly stripped. This for- 


which 


sorption factor A = 


mula is Y, = 0.7 He where Y is the 


P 


gasoline content in gallons per 1000 
cu ft of the discharge gas, due to a va- 
por pressure of the lean oil amounting 
to no mm of Hg at absorber tempera- 
ture. P is the absorber pressure 1 
pounds per square inch absolute. This 
formula can be used when vapor pres- 
sure determinations are conducted on 
the lean oil. In using this formula, the 
assumption must be made that the 










i  D 








gasoline component or components 
causing this vapor pressure are of the 
same order in all lean oils. The frac- 
tional analysis not only shows the com- 
ponents that could possibly cause a 
Joss in the discharge gas, but also 
shows the magnitude of that loss. This 
loss will be discussed later in the pa- 
per. Control of the molecular weight 
of the lean oil is beyond the scope 
of the laboratory or operator. Possibly 
special runs of lean oil with a nar- 
rower boiling range could be ordered 
from the refiner. The possibility of ob- 
taining lower molecular weight lean 
oil for use in high pressure plants 
should be investigated. The addition 
of cycle compounds containing more 
mols per unit volume of liquid could 
raise the over-all absorber efficiency. 
It is questionable whether special 
grades of lean oil at higher cost would 
be economical where the plant lean 
oil consumption is high. 


Normally, a heavier lean oil will 
have an added advantage over the 
light oil from an operating viewpoint 
in that the entrainment of oil in the 
dry gas is less, thereby reducing the 
lean oil consumption. Actual demon- 
strations viewed in a plastic model ab- 
sorber have shown that the heavier 
oils will form a greater depth of foam 
on the tray than the lighter oils. This 
would be a definite advantage in an 
absorber where there is an insufficient 
number of trays or the tray design is 
inadequate for the oil and gas rates. 


Impurities in the wet intake gas to 
the absorber occasionally contaminate 


_ the lean oil, causing an accumulation 


of gum forming materials and carbon 
deposits. These impurities in the lean 
oil do not interfere with the absorber 
operation directly but frequently cause 
the still and heat exchangers to be- 
come coated with carbon, which low- 
ers the efficiency of the equipment. 
Sometimes the carbon will form in the 
lean oil so rapidly that the conven- 
tional reconditional still cannot effec- 
tively remove the accumulation. Ef- 
forts should be made to determine the 
cause of the carbon formation and in- 
stall the necessary equipment to treat 
the intake gas to remove the impuri- 
ties. One operator who was having ex- 
cessive carbon formation installed an 
Iron oxide bed ahead of the absorber 
to remove the hydrogen sulfide from 
the wet gas. The H.S content of the 
as was approximately 1.0 grain H,S 
per 100 cu ft wet gas. This installation 
materially reduced the carbon content 
of the lean oil and the color of the oil 
gradusily changed from black to a 
straw color. Although the condition 
cited above does not directly concern 
the absorber operation, the lean oil 
can become so contaminated that 
shut down periods may be necessary. 
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TABLE 1. Fractional analyses of lean oils. 

















45 45 90 90 A: 
Liq. % Liq. % Liq. % Liq. % Liq. % 
0.0320 0.0056 0.0513 
0.0600 0.0630 0.0273 0.0055 0.0764 
0.0500 0.0720 0.0380 0.0063 0.1358 
0.1000 0.1080 0.0815 0.0188 0.1448 
Hexanes & heav................ 99.7900 99.7250 99.8476 99.9694 99.5917 
, NER ee 100.0000 100.0000 100.0000 100.0000 100.0000 
Absorber pressure #ga........... 45 45 _30 475 475 
Liq. % Liq. % Liq. % Liq. % Liq. % 
I 66 55:540-640450%0s0000% 
BR Coa dianandcssrenveasmaze 
eer ee 0.0202 
Tso-butane...............ee0008 0.0003 0.0151 0.0074 0.00 
eer 0.0092 0.0175 0.0071 0.0082 
ER ineiccnasevancaes Trace 0.0107 0.0406 0.0289 0.0381 
Te ive 6 as68i2000s000000-0 Trace 0.0141 0.1039 0.0285 0.0329 
Hexanes & heav................ 100.0000 99.9597 99.8027 99.9281 99.9208 
DE eka cecnasedaswatcows 100.0000 100.0000 100.0000 100.0000 100.0000 
Absorber pressure fga........... 450 450 1500# 
Liq. % Liq. % Liq. % 
DRG Hoc asintcawraxaninnena 
LES eeeaer 
|, Serene 0.0384 
Se ee 0.0412 
TIE ia ivibcone scaccantaswaltada 0.0397 0.0086 
ee 0.0410 0.0570 
rr 0.0556 0.0632 
Hexanes & heav.............00+ 99.7841 99.8712 100.0000 
WE ica dadthnabcaaneesen 100.0000 100.0000 100.0000 
TABLE 2. Absorber discharge gas losses at various pressures. 
99+ % iso-butane theoretical oil/gas ratio assumed. 
Pentanes Hexanes Maximum losses possible with contamination shown 
and lighter and heavier Gravity 
Liq. % Liq. % °API 304 Abs. 100# Abs. 5004 Abs. 
0.2100 99.7900 39.0 0.210 0.105 0.021 
0.2750 99.7250 39.5 0.275 0.138 0.028 
0.1524 99.8476 39.0 0.152 0.076 0.015 
0.0306 99.9694 39.1 0.031 0.016 0.003 
0.4083 99.5917 38.3 0.408 0.204 0.041 
Trace 100.0000 ee  060L0—“t‘(‘ em ata AS 
0.0403 99.9597 38.2 0.041 0.021 0.004 
0.1973 99.8027 37.2 0.197 0.099 0.020 
0.0719 99.9281 37.4 0.072 0.036 0.007 
0.0792 99.9208 are 0.079 0.040 0.008 
0.2159 99.7841 38.5 0.216 0.108 0.022 
0.1308 99.8712 4 0.129 0.065 0.013 


0.0 100.0000 





Absorber Efficiencies 
and Economics 


All absorber operations must be 
considered from an economical view- 
point. The operator must be able to 
balance the high cost of efficient equip- 
ment and operating cost with the 
profit obtained by extracting the last 
gallon of gasoline from the discharge 


gas, Assume, for instance, that a frac- 
tionating still is unable to remove the 
last trace of natural gasoline in the 
lean oil. Table 2 shows the maximum 
loss in butanes and pentanes that can 
be expected at different absorber 
pressures for the lean oil analyses 
shown. This is assuming that sufficient 
oil is circulated to obtain a 99 per cent 
plus iso-butane extraction. The plant 








TABLE 3. Data from crude oil absorption plant. 











Absorber intake gas Absorber discharge gas 
Mol % GPM Gal/24 hr Mol % GPM Gal /24 hr Pa 
H20, COs, air.......... 5.70 5.60 
nT 69.41 6012 85.91 5622 
DINE bis ckensawsnas 9.42 1222 6.74 611 
IID 5 16-00.4.0.0:00'0:050 10.06 2.760 1410 1.02 0.280 108 
Teo-DutaNe......200000 1.58 0.515 263 0.17 0.055 21 
Nebutame......cccceese 1.93 0.607 310 0.24 0.075 29 
Iso-pentane............ + 1.90 0.733 375 0.32 0.117 45 
100.00 1.855 9592 100.00 0.247 6486 
Conditioned crude oil to absorber Enriched crude oil from plant 
Liquid % Liquid % 

En nck phos ddennasacederaanepatneweanner 0.09 0.10 

0.50 1.87 

0.20 0.71 

0.53 1.02 

98.68 96.30 

100.00 100.00 

TI os 6.235055 08 dnaK acsweosageeeseedussaon 26.0° 27.5° 

NOs sis 2-ao Rwieeeak deen CANSRADAU REBELS SERS 4.24 9.44 

Absorber efficiency % Plant efficiency % 

NN og ch Madd MAEDA RRA eRe hea 92.34 82.24 

Nk ca. aasasenmiee ee ka nemesis seaman 92.02 87.97 

sai. 51.2! nang ad opinion mame Aan ah ae 90.65 86.15 

BONING Fo oo. 0:6:0:0-0:6:5:5'0. 050d 0000000:0-4003054;05.00 88.00 84.41 
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lean oil analysis shown in Column 1 
could yield a maximum absorber loss 
in the dry gas of 0.21 gal per MCF in 
a 30 lb gage absorption system and a 
loss of 0.021 gal per MCF in a 500 Ib 
absorber. Apparently a close control 
of lean oil saturation in a high pres- 
sure plant is relatively unimportant 
while the last traces of gasoline should 
be removed from the lean oil in the 
30 lb gage plant to minimize the gaso- 
line losses. The highest loss shown 
was in a 30 lb absorber and the dry 
gas analysis in this plant also showed 
a high iso-butane and heavier gasoline 
loss. The fractional analysis of a lean 
oil is valuable in that the engineer and 
laboratory technician can readily de- 
termine the degree of loss in a dry 
gas caused by improper stripping of 
the lean oil. Before any attempt is 
made to determine the tray efficiency 
of any absorber, the condition of the 
lean oil should be ascertained, partic- 
ularly in the low pressure plants. 
Table 3 shows the loss in the dry 
discharge gas in a crude oil absorp- 
tion plant where 25 API gravity crude 
oil is used as an absorbent. This crude 
oil with a Reid vapor pressure of 4.2 
lb is conditioned previous to entering 
the absorber at 250 lb. The loss in iso- 
butane and heavier gasoline in the dis- 
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FIG. 2. Equilibrium constants for hexanes 


and heavier at 180 F. 





charge gas is 0.247 gal per MCF. At 
present, the wet gas is entering the 
base of the absorber directly from the 
compressor without cooling. This gas 
temperature of 166 F has increased the 
base temperature of the sbsorber with 
a resultant decrease in absorber ef- 
ficiency. When this condition has been 
corrected, the discharge gas yield 
should be lower than that shown. This 
operation illustrates what can be ac- 
complished with high pressure ab- 
sorption even though the absorbent is 
highly saturated with the components 
to be extracted. Also the mol concen- 
tration of the crude oil is low com- 
pared to the conventional lean oil. 
Fig. 1 shows the oil rate per MCF 
required for maximum iso-butane and 
heavier extractions at various ab- 
sorber pressures. At 30 lb gage and 
100 F, 100 gal per MCF is required 
and at 500 lb gage, 13 gal per MCF is 
necessary. At some point above 500 
lb gage (probably 800 lb), the oil 
rate per MCF no longer decreases but 
an increase in oil rate is required to 
obtain the same extraction. Actually 
the equilibrium constant K for iso- 
butane at 100 F reaches its lowest 
value at 900 lb absolute pressure. Any 
further increase in pressure above 900 
lb or reduction in temperature below 


100 F should require additional oil 
to obtain the same iso-butane extrac- 
tion. On Fig. 2 are shown the equi- 
librium constants for hexanes and 
lighter components at 180 F. At 900 
lb gage the normal hexane equilib- 
rium constant or K value no longer 
reduces but actually increases in value 
with increased pressure. Conse- 
quently, additional oil is required to 
offset this increase in K value. If the 
Kremser equation holds true for 1500 
lb absorption at 180 F, then 11 gal of 
lean oil per MCF would be required 
for maximum extraction of iso-butane 
and heavier gasoline. Fig. 2 shows that 
at 180 F iso-butane has its lowest va- 
lue of K or equilibrium constant at 
“1500 Ib gage. Therefore, the maxt- 
mum iso-butane should theoretically 
be extracted at 180 F in a 1500 |b 
plant and require the least oil circu- 
lation rate. If it were possible to ex- 
tract at higher temperatures in high 
pressure plants, there would be a large 
saving in fuel. Insufficient work has 
been done to prove the feasibility of 
operating at higher temperatures but 
one test on a 1500 Ib absorber showed 
a lower discharge yield with a lean oil 
temperature of 110 F than at 70 F. 
All other absorber conditions were 
identical. 
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Equipment Influencing Absorber 
Performance 


The design of the absorber is the 
controlling factor in obtaining efh- 
cient extraction. A discussion of the 
tower design is beyond the scope of 
this paper, but several major items 
can be reviewed. If the tower is over- 
loaded, the gas will carry out en- 
trained oil. If the tower is under- 
loaded, the fluid will be relatively 
quiet on the tray and poor contact be- 
tween oil and gas will result. If the 
tower lacks sufficient trays, the efh- 
ciency will be low. Table 4 illustrates 
the difference in yields obtained in a 
45 lb gage absorber with the same oil- 
gas ratio but at varying oil and gas 
rates. The only conclusion that can be 
derived from this test is that the 
higher the gas velocity through the 
tower, the higher the efficiency, pro- 
viding the gas does not carry out en- 
trained oil. If the gas stream could 
be broken up into very minute bub- 
bles or a foam formed on each tray, 
higher extraction efficiencies would 
possibly result. 


Operation of Plant and Its Effect 
on Absorber Performance 


An absorption oil that is allowed 
to build up in light ends to 10-20 per 
cent distilled below 380 F will not ma- 
terially affect the high pressure plant. 
The same condition existing in a low 
pressure plant will yield an increased 
loss in gasoline in the discharge gas. 
Frequently the top temperature of 
fractionating stills is controlled to 
maintain a definite end point gasoline. 
If a quantity of condensate is sud- 
denly pumped into the still with the 
reflux, then the heavy ends of the con- 
densate, being unable to vaporize with 
the vapor stream, will remain in the 
lean oil. Experience has shown that a 
constant reflux rate to the still will al- 
low any heavy hydrocarbons that may 
periodically be present in the plant 
production to vaporize. The top tem- 
perature will rise and fall as the com- 
position of the material fractionated 
changes. Occasionally, when the 
weather changes abruptly, there may 
be a radical change in the condition of 
the lean oil. Therefore, the lean oil 
should be checked regularly by use of 
one of the tests outlined to maintain 
the oil in good condition. Normally, 
the steam agitation rate is considered 
to be adequate for the operation but 
sometimes a plant will be found where 
excessive steam is used for agitation. 
Probably in cases like this no tests 
were ever made to determine the min- 
imum steam required. Any reduction 
in steam agitation is a direct saving 
in boiler fuel and will also reduce the 
heat load on the cooling equipment. 
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TABLE 4. Absorber operation at various operating rates. 
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Operating data 

Test No. 1 Test, No. 2 Test No. 3 
Absorber intake, MCF/day.................ecceeeees 5,093 7,608 10,145 
Absorber discharge, MCF/day................00e0005 4,590 6,855 9,141 
650 Secs oc oes 'ssw eee siasdhdavcincheé Pi sinib-oieialnis 11, 16,500 22,000 
ios ee cs ds de ase eRe tioantne dois 52. 52. 
ES Tee Oa 77 78 78 
SS ee ee 85 87 87 
SS eee Ot, Fe 75 75 76 
Gas foom absorber, Fe... 5.5... c ccc MeBace oc ccess 79 79 79 
RR MIE, OBES. 55.5. ccsensccsencutttspanccsee 36.7 36.6 37 
Gas from absorber, pei.ga................dccccccccces 34.5 33.5 33 

Extraction data 

Test No. 1 Test No. 2 Test No. 3 
ibe. indeme propand, GPM «oo... oo osccccs ccesiecces 1.756 1.756 56 
Abs. intake propant, Gal... oo... ccescccccsccses 8,994 13,360 17,815 
Abs. discharge, propane GPM ..............e00.ee0e8 1.309 1.287 1.2 
Abs. discharge propane, Gal.................seeeeeee ,008 8,822 11,710 
Abs. efficiency propane, per cent.............0eeeeeee 32.82 34.04 34.27 
Abs. intake iso-butane, GPM...............0cccecees 0.313 0.313 0.313 
Abs. intake iso-butane, gal.................0ecceeeeee 1,594 2,381 3,175 
Abs. discharge iso-butane, GPM..............se0eeee: 0.124 0.098 0.085 
Abs. discharge iso-butane, gal.................0c0e005 69 672 
Abs. efficiency iso-butane, per cent................008 64.30 71.78 75.53 
Abs. intake N-butane, GPM..............cccccceceee 0.862 0.862 0.862 
Abs. intake N-butane, gal................ccccceceees 4,390 6,558 8,74 
Abs. discharge N-butane, GPM..............0.0e000% 23 0.088 0.075 
Abs. discharge N-butane, gal...................000005 603 686 
Abs. efficiency N-butane, per cent...............00005 87.13 90.81 92.16 
Abs. intake iso-pentane +, GPM...............00.005 1.223 1.223 1.223 
Abs. intake iso-pentane +, gal...........0..s.eeeeees 6,229 9,305 12,407 
Abs. discharge iso-pentane +, GPM................0. 0.077 0.073 0.088 
Abs. discharge iso-pentane +, gal.................005 3 804 
Abs. efficiency iso-pentane +, per cent...........2..06 94.33 94.63 93.52 








Testing Absorber Efficiency 


Tests are often conducted to com- 
pare absorber operation without con- 
sidering the factors that affect the 
tower operation. The gasoline content 
of the gas treated will influence the 
temperature of the tower. The recy- 
cled gases in the plant, if any, will 
change the absorber operation be- 
cause of more or less heat of absorp- 
tion. The pressure on the tower also 
has a bearing on the degree of effici- 
ency particularly in the retrograde re- 
gion. If any two absorbers are to be 
compared to determine their relative 
merits, then the following must be ob- 
served: (1) the gas rates through each 
tower must be the same, (2) the oil 
rates must be the same, (3) the gas 
must have the same composition, (4) 
the pressure on the towers must be 
the same, (5) the temperatures at the 
top and base of the absorbers must be 
the same, (6) the oil composition 
must be the same, and (7) the same 
distillation unit must be used in each 
case. The above precautions should be 
observed if an accurate comparison is 
to be made between any two absorb- 
ers. 


Testing Absorber Efficiency— 
Laboratory Operation 


The actual process of obtaining rep- 
resentative samples and the precau- 
tions necessary when checking an ab- 
sorber operation have been fully cov- 

000 

Average Gas Tax $525. The 

average car consumes about 

8000 gal of gasoline in its life- 

time and, at present rates, its 

owner will pay the state and fed- 
eral governments about $525 in 
taxes on that gasoline. 
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ered in previous papers presented be- 
fore the California Natural Gasoline 
Association and in. the CNGA Bul- 
letin T-5342. Certainly the results of 
a fractional analysis cannot be better 
than the sample that was obtained in 
the plant. Every effort should be made 
to introduce samples of discharge 
gases into the fractional analysis col- 
umn sufficiently large to obtain a good 
separation between iso-butane, n-bu- 
tane, and pentanes. Samples of dis- 
charge gases less than 50,000 cu centi- 
meters at standard conditions should 
be avoided. Recent experimental work 
has proved that sample cylinders 
heated to 250 F or higher before in- 
troducing the sample into the column 
produce a homogeneous gas contain- 
ing all of the constituents originally 
in the gas. Since heating the gas sam- 
ples to this elevated temperature, all 
absorber discharge gases tested have 
shown traces of pentanes and heavier. 


Conclusion 


Absorber operation and efficiency 
are dependent to a large extent upon 
the operation of the distillation unit of 
the plant. The absorber can be of the 
best design obtainable, the lean oil can 
be in excellent condition, the cooling 
adequate, but if the distillation system 
is improperly designed, the gasoline 
extracted in the absorber will not be 
retained as a liquid product but wil 
recycle to the absorber. Attention 
should be given particularly to the old 
style low pressure plants where a small 
investment in some type of reabsorber 
would increase the plant gasoline pro- 
duction as much as 10 per cent. Ab- 
sorber performance cannot he cor 
rectly analyzed without surveying the 
distillation unit of the plant. * * 
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Pie's an interesting case of small cause 
—big effect! “Small cause” is the inexpen- 
siveness of Attapulgus Fullers Earths and 
Porocel Activated Bauxites. “Big effect” is 
the large number and intrinsic value of jobs 


these materials do for petroleum refiners. 


From the lightest hydrocarbons down to 
the heaviest lube and wax fractions, many 
of the finished products have received treat- 
ment by these sorptive minerals somewhere 
along the line. Odors, colors, tastes, mois- 
ture, acids, sulfur, fluorides and unsaturates 
are removed or converted; various reactions 


are catalyzed. 


CLAY COMPANY 
: Fuller Earth ‘ 





Most important, all these applications pay 
off. Attapulgus and Porocel adsorbents cost 
as little as one cent a pound. But each 
pound, properly applied to petroleum 
stocks, increases the value of these stocks by 


at least one dollar—a return of 100 to 1. 


So let’s get together on your plans to 
improve quality, expand output, or both. 
You know a lot about the techniques 
involved in these processes; our engineers 
have made many important contributions 
to adsorbent technology. A blending of 
these two funds of knowledge should pro- 


duce optimum results. 





Dept. Y, 210 West Washington Square, Philadelphia 5, Pa. 
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Testing Natural Gasoline 


Plant Operating Efficiency’ 


Meticulous survey of the conditions and results of 


operation will show how efficiency can be improved. 


J. B. ARMSTRONG* 


Tuts topic covers an extra large field 
when discussing the role of the chem- 
ist and laboratory in efficient natural 
gasoline plant operations. Almost all 
tests employed by the chemist in the 
natural gasoline industry are tools for 
determining the operating efficiency of 
some part of the plant. For the pur- 
pose of this forum, however, the paper 
will be limited to a discussion of a 
test to determine the overall plant op- 
erating efficiency as it applies to ex- 
traction of LPG and gasoline in the 
absorption plant only. 
The gasoline plant extraction efh- 
ciency test consists of several phases: 
1. Preparation for the test. 
2. Accumulation of operating data 
and samples for analysis during 
a period of steady operation of 
the plant. 
Analysis of the results to show 
the accuracy of the data and 
reliability of the test. This is ac- 
complished by gas and mater- 
ials balances and by comparison 
of the test data with design or 
previous operating data. 
Determination of extraction ef- 
ficiences, product losses, and in- 
efficient and costly operations. 
Recommendation of corrective 
measures necessary to obtain 
more efficient plant operations. 


\ good plant efficiency test has 
many important applications. It can 
be employed as a means of evaluating 
the operations of a new absorption 
plant to determine if the plant as a 
unit will meet the specifications for 
extraction set forth in the builders 
contract. It can be utilized as an aid 
to establish means of increasing ef- 
ficiency of present plants or to deter- 
mine the results obtained, after modi- 
fications have been made in them. The 
most important use for the test, how- 
ever, is as a tool to periodically follow 
plant operations through years of 
steady production to eliminate operat- 
ing inefficiencies and costly mainten- 
ance jobs. 


*Before California Natural Gasoline Associa- 
tion, 1950. 


*Standard Oil Company of California. 
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Properly conducted, this test can be 
employed to gage the necessary inter- 
vals between maintenance shutdowns 
and to indicate the probable time of 
replacement of inefficient equipment. 
It can be used as an aid for anticipat- 
ing operating and plant maintenance 
costs. 

Most companies do conduct an ef- 


ficiency test of some sort at frequent 


intervals. Usually, these tests are spot 
checks on plant discharge streams to 
control absorption losses, or efficiency 
tests on separate units within the 
plant; and do not include an accumu- 
lation of data and analyses to deter- 
mine overall efficiencies. It is believed 
that the complete test should be con- 
ducted on every gasoline plant every 
12 to 18 months and that sufficient sav- 
ings can be realized as a result to war- 
rant these periodic tests. 


Preparation for the Test 

Preliminary work getting ready for 
a plant test is just as important for a 
good test as accurate data and anal- 
yses taken during the test. Poor and 
inaccurate data often are a result of 
poor preparation. 

The first step for an overall plant 
test is to bring the plant flow chart up 
to date. This chart is a simple schem- 
atic flow diagram, which shows the 
normal flow of materials through the 
plant. All flow lines; including those 
that may be used only under abnormal 
conditions; by pass lines: flow con- 
trollers and meters, and all equipment 
pertinent to the gasoline absorption 
process are indicated, This is not an 
elaborate piping drawing, but a 
schematic layout and should be main- 
tained continually for every gasoline 
plant. If a flow diagram does not exist, 
it is recommended that one be drawn 
up before the plant test is conducted. 

The flow chart is checked for cor- 
rectness by actual inspection of the 
plant lines and a careful study of the 
plant cycle is made. Sometimes this 
may reveal minor changes in the 
plant, which would effect increased 
operating efficiency. This is particu- 
larly true of plants where incorpora- 


P 773.7 


tion of modern design ideas will in- 
crease retention or in plants where 
many chages have been recently made 
and the plant cycle is not in the best 
order. This refers mainly to the dis. 
position of plant vapor and condensate 
streams. Any obvious improvements 
within the plant should be recom. 
mended and, if possible, these changes 
should be made before the plant test 
is conducted. 

Contact with field personnel: When 
making plans for a plant test, field 
personnel should be contacted and 
notified of your plans. Sometimes it is 
best to set a date for the test that is 
mutually agreeable between both 
plant and field operators. Request the 
field operators to maintain, as nearly 
as possible, an average and steady gas 
load intake to the plant and to notify 
you of any upset conditions that can- 
not otherwise be controlled for the 
period preceding and during the test. 
The field operators are quite willing 
to cooperate in every way they can, 
and this contact normally assures a 
much better condition for the plant 
test. 

From the flow chart, it is possible to 
determine what samples and operat- 
ing data will be taken during the test. 
At the’time the chart is checked for 
correctness, sampling locations; ther- 
mometer wells; pressure gage connec- 
tions; and metering facilities should 
be noted. The first time that a test is 
run or after modification of the plant, 
there are always additional connec- 
tions and thermometer wells that will 
be required during the test. It is best 
to request installation of these con- 
siderably ahead of any test date to 
give the plant maintenance crew time 
to get the work done. 


Efficiency Test 


For an overall plant efficiency test, 
samples are required for analysis on 
all plant intakes, products, and dis- 
charge streams, including any recti- 
fier residue or plant vapors to the 
plant fuel system. It is recommended, 
also, taking samples of any intra-plant 
streams that may indicate operating 
efficiency. These normally include ab- 
sorber intakes, recycle vapor streams, 
and rectifier reflux streams. In addi- 
tion, if the efficiency of any individual 
unit is to be determined concurrently, 
samples will be required around this 
unit. All samples are taken in accord- 
ance with standard sampling proce- 
dure. Analysis of the samples of the 
products and plant discharge gases 
are determined by fractional distilla- 
tion. Analysis of the intakes and other 
plant streams can be determined by 
fractional distillation or by the char- 
coal enrichment test. 

On low pressure and vacuum 
streams, sufficient volume of sample 
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cannot be obtained in regular sample 
containers to conduct a charcoal test 
on a composite 24 hour sample. If 
these analyses are to be determined by 
the charcoal method, the tests must 
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be run from spot line samples during 
the plant test period. In this case, anal- 
yses should be taken on the intakes 
at times of maximum, minimum, and 
average enrichments, and the average 
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of all three is used for the plant ma- 


_terials balance. 


Sample containers should be set in 
place well ahead of the test. Large 
LPG cylinders are used for gas sam- 
ples. Duplicate samples are taken, if 
possible, to limit the possibility of los- 
ing a sample. Cylinders should be 
steamed and evacuated, then checked 
for leaks before being used. Cylinders 
are hooked up to sampling connec- 
tions with a short header to prevent 
danger of condensation in the header 
system. Each header is equipped with 
a pressure gage for determining cylin- 
der pressures during sampling. The 
header is flushed out with gas and 
‘then left connected to the sample line 
during the entire test. A shipping tag 
is attached to each container showing 
the time of sampling, the cylinder 
pressure for each increment of sam- 
ple and other pertinent data regard- 
ing the sample. The tag is then ini- 
tialed after each sample increment is 
taken. 

If possible, the cylinders should be 
set in a shaded spot to protect from 
changing atmospheric conditions. The 
heat from open sun will cause changes 
in pressure on the sample containers 
between increments and may result 
in non-uniform samples being taken. 


Liquid sample containers are 
hooked up in the same manner. All 
liquid samples are taken by water dis- 
placement and a measuring cup, to 
gage the draw off for each sample in- 
crement, should be placed with the 
bomb at each sample point. 


Drips that come into the plant with 
the intakes and are accumulated in the 
intake scrubbers, or that are collected 
through a separate gathering system, 
must be gaged and sampled during 
the test. . 

Orifice meters: All orifice meters 
used for measuring volumes of plant 
streams must be cleaned, calibrated, 
and checked prior to the plant test. 
Static readings on all meters must be 
checked against a test gage on the line. 
New gravity and temperature factors 
are obtained and meter coefficients are 
secomputed, if necessary, based on the 
new data. Orifice plates must be 
checked to see if the size is correct and 
within the recommended range for ac- 
curate readings. If there is any ques- 
tion as to the size and condition of 
the orifice plates, they should be pulled 
and inspected. There is a possibility 
that the plate may be fouled or cor- 
roded, or that sand, line scale, or 
other matter may have accumulated 
behind the plate, resulting in a wrong 
reading. 

Experience has shown that failure 
to check meters and plates thoroughly 
has resulted in some unsatisfactory 
plant tests. If one reading is incorrect, 
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15 c.c. machine . 
Cranks and heads 
interchangeable with 
100 c.c.. machines, 


Simple in design... Ruggedly built 

..» Requires no special care... Great 

Ratio and throw of crank produce required 
speed with no strain. Curtin Centrifuges meet 
all A.S.T.M. Standard Method D-96 and A.P.I. 
Code No. 25 requirements. Fully descriptive 
literature upon request. 
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HOUSTON .... NEW ORLEANS. 





TO REPAIR PIPE LEAKS — 
QUICKLY, PERMANENTLY 


ANY PRESSURE — ANY TEMPERATURE 


SKINNER-SEAL EMERGENCY PIPE CLAMP 
for pinhole or corrosion leaks. 


ns 


Se , a ‘ ‘ 
SKINNER-SEAL PIPE LINE CLAMP for 
long splits and bad corrosion leaks, 


In stock—all supply stores 


M.B. SKINNER COMPANY 


SOUTH BEND 21, INDIANA, U.S.A. 





the plant materials balance will not 
dnik and the final results are ques- 
tionable. Always question any plant 
measurement before the test and you 
will be more likely to obtain good test 
results. 

Pressure gages, thermometers, re- 
cording and controlling instruments, 
etc. are all calibrated against standard 
instruments prior to the test. A sepa- 
rate gage or thermometer should be 
placed at every location where read- 
ings will be taken to avoid moving 
these instruments during the test. 


‘Check that all thermometer wells ex- 


tend into the flow streams and give 
accurate readings. Be sure all gage 
cocks and thermometer wells are not 
plugged. 

All flow controlling equipment must 
be inspected to see that it is operating 
properly, By pass valves should be in- 
spected to be sure they are correctly 
open or closed. 


The plant test work sheet: Data 
readings and samples are taken every 
four hours during a plant test. For 
ease and speed in taking the data, a 
test work sheet is prepared. Each read- 
ing, sample, or other item required 
during the test is listed in the order 
in which it will be taken on each suc- 
cessive round of the plant. The work 
sheet is built by making an inspection 
of the plant, recording each point at 
which data will be required in the or- 
der in which they are reached. There 
is one column for each round of data. 
This enables the readings to be taken 
in the same order each time. It elimi- 
nates jumping around on a data sheet, 
hunting the line on which some read- 


ing is to be recorded. It prevents miss- 


ing data and it makes the readings 
much quicker and easier to obtain. 
The time of starting and completing 
each round of the plant is recorded. 


' After the preparation for the test is 
completed, one inspection of the plant 
is made, taking all data readings and 
checking sample containers to be sure 
everything is satisfactory. When mak- 
ing plans for your plant test, schedule 
your work so that you will have plenty 
of time both for preparation and dur- 
ing the test to complete everything re- 
quired. Allow time to take care of un- 
foreseen difficulties. Don’t schedule 
too much work for the day of the test. 
It is better to get the essential data 
accurately than to plan too much and 
not be able to complete it. 


Plant Test 


Normally, the plant test is con- 
ducted over a 24-hour period, from 
gaging time one morning till the same 
time the next morning. Shorter tests 
are not recommended because varia- 
tions in atmospheric conditions and 
intake enrichments, which cannot be 


controlled, might give erroneous re. 
sults. At the start of the test, gages are 
taken on all gasoline, LPG, and lean 
oil storage. If products are shipped by 
meter, these readings are also taken. 
Levels in all plant accumulators and 
surge tanks must be marked. It is rec. 
ommended that the plant operators be 
requested to maintain these levels as 
nearly as possible at the same point 
during the test. At the end of the test, 
corrections must be made in the ma. 
terials balance to account for any 
change in volumes in the condensates 
in the plant accumulators. 

After the morning gage has been 
made, the first round of data is taken, 
When a complete set of data is ob- 
tained, the work sheet is studied and 
any data which appears to be out of 
line should be rechecked immediately, 

During the test, it is necessary to 
gage the rate of condensate, both gas. 
oline and water, in the various plant 
accumulators. This normally requires 
shutting in the vessel and gaging the 
rise of condensate over a period of 
time. It is not necessary to gage these 
accumulators every time data are 
taken during the test, but it should be 
done at previously estimated times of 
maximum, minimum, and average 
rates, 

At the end of the test period, final 
gages are taken on all storage tanks 
and accumulators. Any changes in vol- 
ume of condensate in the plant ac- 
cumulators must be determined. 

Sample containers are disconnected 
and checked for leaky valves. Anal- 
yses are determined as time permits. 

All recording charts are accumu- 
lated and kept with other plant test 
data for reference. 


The plant test data summary sheet: 
A summary of all test data is recorded 
on the data summary sheet, a copy 
of which is attached. The first section 
of the sheet summarizes all data nec- 
essary to compute the gas and mater- 
ials balances and the overall isobutane 
extraction efficiency. Remainder of the 
sheet summarizes all operating data. 

All volumes entered are corrected to 
60 F, and where these readings are ob- 
tainable from 24-hour recording 
charts or gages, they are utilized. The 
average of all readings and the varia- 
tion in these readings during the test 
are recorded under operating data. 


The plant gas balance can be com- 
puted prior to the receipt of sample 
analyses to indicate the reliability of 
the test data. This is computed on 4 
water free basis, assuming satura 
gas streams at all points. The gas bal- 
ance compares the total of the plant 
intake volumes with the sum of the 
plant discharge gas volumes and the 
gas equivalent volume of the products. 
This balance should normally check 
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within three per cent. This deviation is 
due to inaccuracy of measurements. 
Any greater deviation indicates er- 
roneous measurements or losses within 
the plant. 

An overall plant materials balance 
is computed after all sample analyses 
have been obtained. If fractional anal- 
yses have been determined on all sam- 
ples, this materials balance is made for 
each component of the gas. If char- 
coal enrichment tests have been run 
on the plant intake samples, the bal- 
ance is computed on the iso-butane 
plus fraction only. For greater accur- 
acy in this case, a small correction 


factor is applied to the charcoal test 
result to indicate iso-butane plus only. 
The materials balance should check 
favorably with the preceding gas bal- 
ance. Any large deviation between the 
two indicates incorrect analyses or 
that measurements, particularly of the 
products, may be in error. 

The plant potential and the overall 
extraction efficiency can now be com- 
puted for any component: Propane, 
iso-butane, or for any desired RVP 
gasoline. For these calculations, the 
analyses of the discharge gases and 
products are used because these data 


are normally more accurate fhan the ~ 
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plant intake data. The potential for 
any component is the total volume of 
that component available for extrac. 
tion in the plant, The potential is de. 
termined by computing the total \ ol- 
ume of the desired component in ‘he 
discharge gases and the products. 

The overall extraction efficiency for 
any component is then indicated by 
the ratio of the actual production to 
the plant potential. This is determined 
by dividing the volume of the desired 
component in the products by the to- 
tal volume of the component in the 
products and discharge gases. 

The attached data sheet shows some 
of the plant operating data from a re- 
cent test. During this test, a gas bal- 
ance was obtained with a difference 
between intakes and discharge streams 


of only 1.64 per cent. The materials 


balance for iso-butane plus showed 
a difference of 1.67 per cent. This is 
an excellent check and indicates that 
the volumes and analyses, as deter- 
mined for the test, are accurate. Fron 
these data then, an iso-butane poten- 
tial of 4010 gal per day is shown and 
an overall iso-butane extraction effi- 
ciency of 86.1 per cent for the plant 
has been determined. 

Although the objective of the test 
is to establish the overall extraction 
efficiency of the plant, much of the 
value of a test of this type comes from 
the plant operating data obtained. Af- 
ter the summary of the data has been 
completed, readings are compared 
with previous test data or with design 
figures. Differences between these fig- 
ures many point out definite operat- 
ing inefficiencies, such as costly steam 
or heat losses, inefficient heat transfers 
due to fouling, and possible product 
losses. 

Plant cycle calculations supply an- 
other means of checking the accuracy 
of the plant test data. Computation of 
the flow cycle using intake composi- 
tions, and temperature and pressure 
data obtained during the test should 
check very closely with determined 
operating efficiencies and volumes and 
analyses of the products, discharge 
gas and recycle vapor streams. These 
calculations may indicate operating 
inefficiencies that are not otherwise 
apparent, 

The final phase of the plant test is 
to make recommendations for changes 
in the plant, which will correct the op- 
erating inefficiencies and/or increase 
extraction. These changes will vary 
from minor improvements to large 
scale plant modifications. The payout 
of the plant test is obtained when these 
recommendations are carried ou! and 
increased operating efficiencies are 
realized..These are the savings that 
will warrant additional plant tests 
the future. lias 
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Water Cooling Equipment 


Methods given for minimizing water losses, which 


may add importantly to operating cost of plant 


HAROLD DRESSER* 


Tue water being used for cooling to- 
day, approaches stupendous figures; 
it is billions of gallons. How large, we 
can only estimate. Reports are not ac- 
curate on how much water industry 
uses; we do know, from reports avail- 
able, that all the water used in the 
United States approximates 800 gal 
per day per person. How much of this 
800 gal per day can be said to result 
from use by industry is difficult to esti- 
mate. Assuming personal use of 100 
val per day still leaves 700 gal for in- 
dustry and other purposes. Let us as- 
sume half or 400 gal per person per 
day for industry ; on the basis of 150,- 
(00,000 people in the United States, 
that is an estimated requirement of 
60,000,000,000 gal per day. 

It requires 770 gal of water to proc- 
ess a 42-gal barrel of oil, 3 to 5 gpm 
per ton of refrigeration, 0.3 to one gal- 
lon per horse-power per minute for 
cooling of cylinders of diesel and 
gas engines. From steam condensing - 
tables at various cooling water tem- 
peratures and varying vacua we can 
obtain the quantity of water required 
for this type of cooling. To obtain a 
28 in, of vacuum about 100 lb of water 
must be circulated per pound of steam 
condensed. Power plants, canneries, 
chemical plants, etc., use this type of 
cooling. We know that it requires the 
cooling of one pound of water through 
| deg to remove 1 Btu of heat. There 
are many more places where cooling 
water is used and wasted. 

If we knew the total heat that had 
lo be removed in industry, we could 
then definitely state how nearly cor- 
rect is our assumed 60,000,000,000 
gal of water. These figures, in them- 
selves. seem small, but as a whole, the 
(uantily becomes large. We can there- 
lore state that if only part of the water 


used for cooling were wasted, the vol- 
ume would still be too large. The ques- 
lion is “Why waste it?” 
There are figures available in the 
tPresented before the California Natural 


Gasolin, 


ers, 


Association, Coastal and Taft Chap- 


*The Marley Company. 
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State of California Water Resources 
Division, which show that half of the 
water now reaching the Los Angeles 
City outfall sewer could be saved. A 
great deal of this water is that which 
is being used for cooling and then 
wasted. From a report published in a 
Los Angeles newspaper, Joseph Jen- 
sen, chairman of the board of direc- 
tors of the Metropolitan Water Dis- 
trict, states that each new person ar- 
riving in Southern California requires 
an average of 150 gal per day. In 
other words, that much additional 
water must be found. Generally speak- 
ing, we normally think only of our 
own immediate problems, but the 
problem of water conservation has be- 
come one of national importance. 
The prime purpose of a piece of 
cooling equipment is to conserve 
water. The development of cooling 
equipment in accomplishing this re- 
sult will now be presented. The prob- 
lem of cooling has been one that is al- 
ways changing. “Why changing?” we 
may ask. First, and of prime impor- 
tance, is the quantity and quality of 


P 769.6 


the supply of water. In the early days 
of this country, conservation of water 
was of no consequence, Today, this 
condition has changed, along with 
many other problems of modern civil- 
ization. 

It is well, at this time to add other 
points that have changed the picture 
of cooling equipment, besides water 
loss. Frequently, the requirements are 
colder temperatures of both water and 
product, better control of tempera- 
tures, upkeep and maintenance of the 
cooling equipment and the correlated 
equipment (piping, buildings, and 
vessels). Along with these changes, 
there have been changes in pumping 
head and power costs. 

Industry, the biggest user of water, 
is desirous of building their factories 
near a supply of raw products, and 
also an abundant supply of water— 
lake or river. As industry in general, 
and power companies increased in 
number, location of plants could not 
always be adjacent to the source of 
raw products, water, and labor. As the 
raw material of one type or another 
costs considerable to ship, plants were 
situated with respect to location of 
raw materials and not water. This 
change brought about the first use of 
artificial ponds. In some areas, cool- 
ing ponds are’still used where temper- 
atures are not very critical. 


Spray Ponds for Cooling Water 


As temperatures became a problem, 
spray nozzles were developed to aid in 
cooling of the water in a pond, Fig. 
1. This change, in general, reduced the 
pond size, thus saving in area, Pump- 
ing head, however was increased from 
6 to 10 psi, above that normally re- 
quired. 

With the development of spray noz- 





FIG. 1. Typical spray pond. 
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DAVISON DEPENDABLE CATALYSTS 
KEEP THEM ROLLING... 


The operating efficiency of synthetic fluid-type cracking catalysts 
is important. This operating efficiency can be assured 
by uniformity of physical characteristics and chemical purity. 
Davison’s production of microspheroidal (M-S*) is tops in 
uniformity ... providing all users with a highly efficient synthetic fluid-type 
cracking catalyst. Your requirements can also be supplied in ground 
(DA-1*) form. Write for further descriptive information. Experienced 
Davison Field Service Engineers backed up with complete 


laboratory testing facilities are part of Davison's service. 


*T.M.1.D.C.C. 
Progress Through Chemistry =o 


THE DAVISON | CORPORATION 








Baltimore 3, Maryland 
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PRODUCERS OF: CATALYSTS, INGRGANIC ACIDS, SUPERPHOSPHATES, 
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FIG. 2. Small natural-draft 
cooling tower. 


zles, water loss was much greater. This 
loss changes with the wind; the loss, 
varying from 8 to 10 per cent. In some 
locations, plants were actually shut 
down during high winds, due to exces- 
sive water loss. To prevent these exces- 
sive losses, solid or louver (wide or 
narrow) fences were installed. Even 
with these, water loss was still high, 
3 to 8 per cent, the loss varying with 
the wind, 

In general, it can be said that the 
amount of cooling that could be ob- 
tained by the spray pond was in ratio 
of 1 to 1, or as many degrees could be 
taken out of the water as the cold 
water temperature approached the wet 
bulb, 5 deg approach and 5 deg cool- 
ing range. If the ratio was 1 to 2, then 
double pumping was necessary; 1 to 
3, then triple pumping. With larger 
than 1 to 1 ratio, area of spray ponds 
had to be increased. With each re- 
pumping of the water, the loss due to 
windage had to be considered. This 
type of cooling did not give the de- 
sired results. 


Natural Draft Cooling Towers 

With greater temperature differ- 
ences, and closer approach to the wet 
bulb, another means was needed to 
obtain cold water. The natural result 
was the building of spray walls and 
the installing of spray nozzles at the 
top, spraying down, see Fig. 2. To ob- 
tain a fair degree of approach to the 
wet bulb, the nozzles were operated 
between 30 to 50 psi pressure, in addi- 
tion to a 20 to 35 ft static pumping 
head. (Union Oil at Santa Fe Springs 
and Dominguez have towers of this 
type. ) 

What did this do to the pumping 
head? It increased the head from a 
few feet, plus line and equipment 
losses, to the pressures previously 
mentioned. For discussion, let us as- 


*The present cost of water, locally in Ventura. 
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sume 1000 gpm circulation, and using 
an estimate of 0.3 hp per ft per 1000 
gpm, the following horsepower would 
be required: 30 psi = 69.31 ft or 20.8 
hp; 50 psi = 115.5 ft or 34.65 hp. 
What has the cooling equipment man- 
ufacturer done about this? The head 


- has been lowered to between 11 and 


32 ft of a horsepower of 3.3 and 9.6. 
Some mnaufacturers go as high as 45 
ft or 13.5 hp. 

Water loss was also high, not only 
due to wind, but also due to spray 
driven out of the tower by the nozzle 
pressure. Windage and/or nozzle loss, 
on the average, could be considered 
as 5 to 10 per cent. This does not seem 
large, but just consider what it could 
mean in one year of 365 days. On the 
basis of 1000 gpm, circulation and 
water at $0.0117 per bbl.* (42 gal) 
with a 10 per cent windage loss. 
Drift loss = 365 & 1440 * 1000 
X 0.10 = 52,560,000 gal = 1,251,429 
bbl. Cost = 1,251,429 « $0.0117 = 
$14, 641.72 per year. 

What began as a small item has be- 
come a large annual expenditure. This 
is only cost for water loss, not pump- 
ing and maintenance cost. When the 
equipment was installed, water costs 
were not as high as used in the above 
example, but there are towers of this 
type still in existence. The figures used 
do not include loss due to evapora- 
tion, as they would be the same in any 
type of cooling equipment. 

The next development in water cool- 
ing was the deck tower, see Fig. 3. 
These towers were of one shape or 
another, and of various widths and 
heights. Their prime purpose was to 


give close approach to the wet bulb 
and longer cooling range. Their other 
purpose was to conserve water. Losses 
in general were reduced under normal 
operating conditions to about 1 to 3 
per cent, with winds not exceeding an 
average of five miles per hour. This is 
not always the case, as some piants 
have shut down from excessive water 
loss by wind. 

Assuming 1000 gpm circulation, 
from the above example, we find that 
1 per cent loss would be 5,256,000 
gal per year, for 3 per cent 15,768,150 
gal per year; cost would be $4,392.5] 
for 3 per cent drift loss. This is an 
average and could easily vary, yet it 
is seen that a considerable annua! sav- 
ing has been effected. 

With the introduction of the aimos.- 
pheric tower, less area was required 
(than with a spray pond) for a given 
service. Also, only one pumping was 
needed to obtain the proper cooling. 
Pumping heads were reduced from 30 
to 50 psi spray-filled at the nozzles 
(exclusive of static head), to no head 
for open systems, to 6 or 8 psi at the 
nozzles for pressure system. Static 
heads, in some cases, were lowered, 
others increased. Tower heights varied 
from 8 to 65 ft, an average height of 
35 ft. Thus, it can readily be seen that 
overall pumping head was reduced. 
This reduction in pumping head re- 
duced operating costs, However, at- 
mospheric towers were not the answer 
to every problem. Granted, they gave 
a wider range of cooling and a closer 
approach to the wet bulb, but under 
certain conditions, they also increased 
the saving of water. 





FIG. 3. Atmospheric deck tower. 
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FROM THE GROUND UP... 


that’s UOP serwice 


Universal Service lives with the job .. . all the way 
through from the idea and planning stage to engineer- 
ing, construction supervision, plant completion and 


operator instruction. 


Refiners everywhere, who have availed themselves 
of Universal Service know that it effectively contributes 
to more efficient day-to-day operation. Men who know 
refining processes and techniques from the ground 
up — men who are familiar with refinery problems 
and operations all over the world are available, on 
request, to assist you in maintaining peak operating 
performance. 


Their help and advice is part of the long range plan 
that makes Universal Service so unique and important. 


UNIVERSAL O1L PRODUCTS COMPANY 


oP General Offices: 310 S. MICHIGAN AVE., CHICAGO 4, ILL., U.S.A. 
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The disadvantage of the atmos- 
pheric tower is that it depends upon 
two fickle variables for cooling water: 
(a) wind, and (b) wet bulb. Means 
had to be found to overcome the vari- 
ations of the wind. Wind averages, in 
most cases, do not give the complete 
picture. Wind averages are obtained 
from hourly or quarter-hour readings, 
therefore the wind velocity is an aver- 
age for a period of hours. This may 
give 5 mph, but on further analysis on 
a time basis, the average would be 
closer to 2 mph. Based on this differ- 
ence, a tower built for 2-mph wind 
would have to be 40 per cent larger 
than for a 5-mph wind, that is in 
length for the same tower; height and 
width could be changed, thus reducing 
the length. 

For very close approach, and for 24 
hour operation, towers would neces- 
sarily have to be rated on a zero wind. 
The size, therefore, must be at least 
double in length that of the 5-mph 
tower. Even with this length guarantee 
would not be given for a specific wet 
bulb temperature. 


Mechanical Draft Cooling Towers 


With the mechanical draft tower a 
constant air movement would always 
be obtained with the use of power 
driven fans. The original designs were 
of the forced draft type. These units 
employed blower equipment which 
was available at that time. Blowers 
were of the squirrel cage type. Mechan- 
ical equipment was all situated at the 
ground in front of the tower, as shown 
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in Fig. 4. Also used were mine-type 
fans with ability to operate at high 
static pressures (1 to 10-in, of water). 
Costs of operating the fans was not 
considered of much importance. This 
soon changed, however, and brought 
about the development of more eff- 
- adjustable pitch propeller type 
ans: 


FIG. 4. Forced-draft 
cooling tower. 


From the forced draft type of cool- 
ing tower (with its many faults) has 
come the modern induced draft tower, 
as shown in Figs. 5, 6 and 7. Water 
(drift) loss for a mechanical draft 
tower is 0.2 of 1 per cent of thai cir. 
culated, thus the water loss from a 
mechanical draft tower circulating 
1000 gpm for 365 days a year would 
be: Drift loss = 365 & 1440 x 1000 
X 0.002 = 1,051,200 gal per year = 
25,029 bbl. Cost = 25,029 « $0.0117 
= $292.84 per year. 

On the basis of a water loss of | per 
cent for a natural-draft tower, circu- 
lating 1000 gpm, the loss for one year 
is 5,256,000 gal, against 1,051,200 for 
a mechanical draft tower, or a differ. 
ence of 4,204,800 gal per year. That is 
a considerable amount of water, and 
on the basis of 150 gallons per capita 
per day (54,750 gallons per capita per 
year) would mean 77 people are de. 
prived of their rightful quantity ot 
water. What is actually meant is that 
a like quantity of water must be found 
elsewhere. More staggering is the sav- 
ing of a mechanical draft tower over 
the old spray pond, ratio of 0.2 to 10 
(2 to 100). 

There are installations being made 
in industries, which are only dollar 
conscious of first cost, and are still 
buying large atmospheric cooling 
towers. They are not getting suffici- 
ently cold water much of the time, 
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FIG. 5. Induced draft towers are wood or spray filled, or a combination. 
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Drift Loss with Various Types of Water Cooling Equipment 





1000 gpm water circulated 


Water cost, $0.28 per 1000 gal 


Average water loss by drift 





Per cent of 


Type of water cooling ‘ t 
circulation 


equipment 


Gal per Value in 


Saving over 
year dollars 


other types 





, Spray pond or high pressure 
spray tower 
9, Natural-draft tower 


3, Mechanical draft tower 


52,560,000 





$14,641.72 —_— 
1,464.17 $13,177.25 
over spray pond 
1,171.27 
over natural-draft 
tower 


5,256,000 


1,051,200; 292.84 





————— 





have a high water loss, and require 
much more ground area for uncer- 
tain cooling performance. 

When making an evaluation of va- 
tious types of water-cooling equip- 
ment, the effect of the large amount 
of drift from a natural-draft tower is 
extremely important, because that 
much water could do a great deal of 
damage to surrounding equipment. 
The water lost from the mechanical 
draft tower has a much better chance 
of passing off as evaporated vapor 
than that from an atmospheric tower, 
however. Why? Because the vapor 
from an atmospheric tower is blocked 
off from a fresh air supply. Mechani- 


cal draft towers exhaust directly into 
a new supply which moves over the 
fan stack. This advantage, above any 
other, allows the installation of 
mechanical draft towers in congested 
areas. 


Dry Air Cooling of Fluids 

The water-cooling equipment indus- 
try has gone another step further in 
the development of cooling equipment 
to conserve water. This step has been 
the adaptation of radiator-type sur- 
faces to cooling problems. This type 
of equipment (see Fig. 8) is well 
adapted for many applications. To list 
a few: Steam condensing, jacket 


water cooling, lubrication oil cooling, 
inter- and after-cooling of gas, over- 
head vapors (still), superheated am- 
monia, vegetable oils, absorption oil 
cooler, quenching oil, soap solutions, 
and others. 

If, in our previous problem, we as- 
sume that the temperatures of the final 
product can be cooled by air, then 
where is the saving? A listing shows 
this: No water required, less founda- 
tion, no water piping, etc., no water 
pumps, no water treatment and algae 
control, smaller equipment (generally 
less area), no water loss, and no 
pumping costs. These are tangible and 
the actual cost can be determined. The 
intangible items that should be con- 
sidered are: Maintenance of cooling 
equipment, maintenance of adjacent 
equipment, and blow-down of water 
to prevent excess hardness. 


Conclusion 


In the development of cooling 
equipment, we can definitely see that 
conservation of water supply has al- 
ways been foremost in the minds of 
the manufacturer. Along with this de- 
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velopment has come better equipment. 
Consider distributing nozzles. There 
are many shapes and sizes but one for 
each type of equipment. Changes are 
still being made to obtain better 
break-up of the water. 
Very little change has been made 


except structurally to the deck-type 
tower, slanting louver type or vertical 
louver type in the last 15 years, In 
fact, the wise user of cooling equip- 
ment is by-passing this type of tower 
for the mechanical draft type. Small 
towers of the spray type are still being 
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FIG. 7. Large capacity cross-flow, induced-draft 
towers with open water-distribution system. 











FIG. 8. DriCooler units for cooling fluids; 
induced draft on left, forced draft on right. 





used with some refrigeration installa. 
tions. 

In some cities, Washington, 1). C,, 
in particular, no atmospheric tower 
can be used for air conditioning, only 
the mechanical draft type. Other cities 
are requiring the use of a tower on all 
air conditioning jobs of over 3 tons 
capacity where water - cooling is re. 
quired. 

The biggest development has been 
in the mechanical equipment fox cool. 
ing units. The first towers were sup. 
plied with such equipment as blowers, 
fans, gears, drive shafts, as were avail- 
able at the time. It was soon found 
that equipment of this type was not 
the answer. Why? Primarily, a tower 
is expected to operate 365 days a year 
and 24 hr a day. Equipment avail- 
able for such service was not available 
for cooling towers built 15 to 20 years 
ago. 

Early tower installations used flat 
belts and pulleys, then “V” belts with 
sheaves. Too much maintenance was 
required to keep equipment in opera- 
tion continuously, gear motors were 
tried next. Gear motors did not stand 
up; to overcome this, special designs 
were developed with correlated types 
of gear boxes, fans, and driveshaft 
units. As a result of these designs, we 
find that fan sizes have been increased 
from 8 to 22 ft in diameter. Twelve 
blades can be compared to the 6 or 8- 
cylinder gas engine, 3 or 4 blades to 
the 2 or 4-cylinder engines. 

Gear development has_ produced 
present-day gear boxes in sizes up to 
75 hp. With the development of fans 
and gears, the improvement of drive- 
shafts has also progressed. The three 
parts must definitely be coordinated 
in design and application. Tests have 
definitely shown that fans must have 
6 or more blades to get away from 
excessive blade vibration. 


Some people believe that fans over 
168 in. (14 ft) in diameter, are too 
large; this is erroneous and based on 
false information. There is in exist- 
ence today, an aluminum fan, 8 
blades, 28 ft in diameter weighing 
7000 Ib, driven at 375 rpm by a 2000 
hp diesel power-plant; tip speed is 
33,000 fpm. This fan is situated in the 
National Advisory Committee for 
Aeronautics propeller-research wind: 
tunnel and has been in operation for 
23 years, or since 1927. Hence, size 1s 
not a governing factor, it is propeller 
design, Better materials of construc- 
tion have also been used in mechan- 
ical equipment for cooling towers. 

It can be definitely concluded that 
the improvement of design o! water- 
cooling equipment and its wider ap- 
plications have aided in the conserv- 
ing of ever-increasing quantities of 
water. x * 
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You can contiol temperatures individually at 
three, four, or six separate points with this TAG 
“Celectray” Multiple-point Indicating Control- 
ler. Many refineries are finding it ideal for con- 
trolling the temperatures of several pieces of 
apparatus in the lab, as well as in the pilot plants. 

Operating on a cycle of two seconds per point, 
each temperature on a six-point controller is 
checked five times per minute. Each temperature 
on a three-point controller is checked ten times 
per minute. You set each control temperature by 
knobs which turn large, easy-to-read dials. Num- 
bered bullseyes show which thermocouple is con- 
nected. A brilliant green, red, or white line of 
light indicates whether the temperature at that 
thermocouple is low, high, or correct. 

If you don’t already have the convenience—and 
the economy—of this modern method of multiple 


temperature control, write today for Catalog 
1161-J. 


7471 


GiB. TAGLIABUE INSTRUMENTS DIVISION enn 
WESTON ELECTRICAL INSTRUMENT CORPORATION 


614 Frelinghuysen Avenue, Newark 5, New Jersey 
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ASTM Certified Thermometers 
Now Available in Matched Sets 


Complete sets of matched, extreme pre- 
cision thermometers are now obtainable 
from TAGliabue Instruments Div., Dept. 
67, Weston Electrical Instrument Corp., 
Newark 5, N. J. These TAG-A.S.T.M. 


























Certified Thermometer Testing Sets com- 
prise nine matched thermometers with 
overlapping ranges. They provide rela- 
tively inexpensive but extremely accu- 
rate temperature measurement for 
general laboratory use. 

Ranges covered by each set are —36 to 
+760°F. or —388 to +405°C. Calibrations 
are in 1/10, 1/5 and 1/2 degree Centi- 
grade or 1/5, 1/2 and 1 degree Fahren- 
heit. Each thermometer is correct to one 
seale division, and is furnished with in- 
dividual certificate of accuracy. 


“TAG” Glass Thermometers 
Provide Lasting Precision 


Accurate general purpose and lab- 
oratory thermometers are supplied by 
TAGliabue Instruments Div., Dept. 67, 
Weston Electrical Instrument Corp., 
Newark 5, N. J. Available armored or 
unarmored, these individually etched 
stem thermometers indicate tempera- 
tures as low as —150° or as high as 
950°F. in the standard grade, and values 
as low as —30°F. or as high as 750°F. 
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in the extreme precision grade. Limited 
range thermometers graduated to 
1/100°C., for calorimeter use, are also 
standard. 

In addition to individual instruments, 
matched sets of A.S.T.M. Testing 
Thermometers, with overlapping ranges 
spanning temperatures from —36°F. to 
760°F., or —38 to 405°C., are available 
in convenient simulated leather cases. 


“TAG’’ Certified Hydrometers 
Promote Precise Readings 


Easily read scales and refinements to 
enhance accuracy are features of the 
Certified Hydrometers available from 
TAGliabue Instruments Div., Dept. 67, 
Weston Electrical Instrument Corp., 
Newark 5, N. J. Made in both the 
plain and combined type (with in- 
tegral thermometer), they have 
double gravity scales which can 
be read from any position. Open 
graduations on long metal ther- 
mometer scales enable user to tell 
temperatures within 44°F, Large 
bore lens-front thermometer tube 
with red stripe above mercury 
makes reading easier. Weight is 
solid metal ballast. Streamlined 
tips are easy to clean and allow 
the instruments to settle quickly 
in viscous fluids. Accuracy is 
guaranteed to exceed A.S.T.M. 
and U. S. Bureau of Standards 
requirements, and is attested by 
individual accuracy certificates. 
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Chemical Treating Plant 


for Refinery Waste Water’ 


H. SCHINDLER 


Tue petroleum industry has long 
been aware of its responsibility for 
proper disposal of its process waste 
waters; and, long before interest in 
the abatement of stream pollution be- 
came as general as it is now, it had 
studied and solved its foremost prob- 
lem, viz., removal of entrained oil 
from refinery waste waters, and there- 
by made it possible to eliminate an 
important source of industrial stream 
pollution. In particular, the work 
along this line sponsored by the Amer- 
ican Petroleum Institute has been so 
successful that in many states the au- 
thorities in charge of stream-pollution 
control specify the API separator for 
the removal of oil from refinery waste 
water, and do not permit any devia- 
tion from this design. 

With the greater emphasis on 
chemical processing in the petroleum 
industry, the problems of waste-water 
disposal have changed im character, 
and special treating methods have had 
to be devised for those effluents which 
are not merely suspensions of oil in 
water, but which contain chemicals 
in solution. Inasmuch as the manu- 
facture of medicinal and _ technical 
white oils, with its attendant produc- 
tion of petroleum sulfonates, is both 
a petroleum-refining and chemical- 
processing operation, it appears that 
the waste-disposal methods of a plant 
which specializes in these processes 
should be of interest to the industry 
as a whole. Such a plant is the Daug- 
herty refinery division of L. Sonne- 
born Sons, Inc. In this refinery all of 
those waste waters that contain water- 
soluble contaminants are treated to- 
gether, as will be described subse- 
quently in this paper. The waste water 
that contains only suspended oil is 
kept completely separate, and is very 
successfully treated in an API separa- 
tor. 


Source of Waste Water 


The manufacture of white oil con- 
sists, in principle, in the exhaustive 
treatment of suitable petroleum frac- 
tions with fuming sulfuric acid, with 
the result that the finished product is 
free from colored compounds as well 
as those able to react with sulfuric 

+Presented to a session on refinery waste 
vater during the 16th mid-year meeting of 


American Petroleum Institute’s Division 
Refining, Tulsa, Oklahoma, May 1, 1951. 
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acid. The products of the interaction 
of reactive hydrocarbons with sulfuric 
acid are alkylated aromatic sulfonates 
which, depending on their structure, 
remain dissolved in the oil or which 
separate from the treated oil, together 
with polymerized hydrocarbons and 
spent acid in the form of acid sludge. 
The oil-soluble sulfonates are recov- 
ered from the treated oil, and are puri- 
fied for sale as a valuable petroleum 
chemical. The acid-treated oil is fin- 
ished by neutralization with caustic. 
At the Daugherty refinery acid 
sludge does not represent a source of 
pollution because the sludge is con- 
verted into sulfuric acid and coke. 
This is accomplished by decomposing 
the sludge into sulfur dioxide and coke 
followed by oxidation of sulfur diox- 
ide to sulfuric acid in a conventional 
contact acid plant. The gas produced 
in the decomposition step is cooled by 
direct contact with water, and this 
cooling water is continuously dis- 
charged from the unit. It cannot be 
directly admitted into the stream be- 
cause it contains a certain amount of 
dissolved sulfur dioxide, and has an 
acidity corresponding to 0.1 to 0.2 per 
cent sulfuric acid. The volume of this 
cooling water from the sludge-conver- 
sion plant is such that it represents the 
largest component of the waste waters 
requiring chemical treatment. 


P 769.6 


The other source of waste \ ater 
containing dissolved chemicals is rep. 
resented by the white-oil piant. 
Whereas the bulk of the water-soi uble 
sulfonates occurs in the acid sludge 
and presents no disposal problem. the 
waste water from the manufacture of 
white oils and from the recovery and 
purification of petroleum sulfonates 
cannot be kept completely free from 
these compounds because of unavoid. 
able spills and because of the need 
for periodic cleaning of equipment as 
well as for operational reasons. 

The process waste water, therefore, 
is colored, acidic, or alkaline, and it 
contains water-soluble sulfonic acids 
and sometimes emulsified oil. 


Outline of Waste-Water Treating 
Process 

As we have seen, two types of waste 
water requiring chemical treatment 
are produced at the Daugherty refin- 
ery: 1, water containing sulfur diox. 
ide originating at the sludge-conver- 
sion plant; and, 2, acidic or alkaline 
process waste water containing water- 
soluble petroleum sulfonates, which 
originate at the white-oil and petro- 
leum sulfonate plants. After extensive 
laboratory and pilot-plant work,’ a 
procedure was developed which com- 
bines the disposal of both wastes in a 
simple and economical way. The pro- 
cedure is based on the finding that 
the process waste water can be de- 
colorized by converting the water- 
soluble sulfonates into the insoluble 
calcium salts, and that this reaction 
can only be successfully completed if 
the free sulfonic acids, rather than the 
corresponding salts, are reacted with 
lime. On this basis the following 
method was found most advantageous, 
because it combines the chemical re- 
quirements of the process-water dis- 


posal with the purification of the — 


sludge-conversion plant waste water: 
1. Adjustment of process waste to a 
pH of 5 by mixing with acidic 
water from sludge - conversion 
plant. 
Precipitation of sulfonic acids and 
mineral acid with hydrated lime 
at a pH of 7.0 to 8.4. 
Continuous settling of precipitate 
and discharge of treated water. — 
The small-scale results with this 
procedure were so encouraging that it 
was decided to use it full-scale, and 
a complete plant was designed by 
Morris Knowles, Inc., Pittsburgh, un- 
der the direction of Edward 
Twomey of that firm. The heavy con- 
struction work, including all concrete 
work, was carried out by a contractor, 
and the equipment was installed by 
the refinery staff. 


1H. Schindler, Petroleum Refiner -* p10] 
(153) 1949. 
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when you’re buying 


VALVES 


You’re right the first 
time when you install 
Powell Valves 


ti Powell makes valves precisely 
mit! engineered to suit each and every 
industrial flow control service. 
Powell Engineers will be glad to 
help you select the right valves 
to meet your requirements. 














Gate, Check, Globe and Y Valves, in 
Bronze, Iron, Steel and Corrosion- 
Resisting Metals and Alloys 





Quality fine 
throughout 


























' . . - > ~~ Fig. 1793. Large 125-pound Iron Body, Bronze 
=| | ra ar ee ae =. Mounted Gate Valve for low pressure steam, oil, 
4 = z ck ’ ‘ms ite vhxn oe water and gas services. Sizes 2” to 30”, incl. 
*§ wlll | a. - é .. ee Teo > 


POWELL 


The WM. POWELL CO., 2525 Spring Grove Ave., P. 0. Box 106, Station B, Cincinnati 22, Ohio 
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Waste-Water Collecting System 
and Treating Plant 


Waste water originating in the 
white - oil manufacturing process is 
conducted through tile sewers which 
have been made tight with acid-proof 
cement, to a concrete sump of about 
3.750-gal capacity, from where it is 
pumped through a 4-in. line to a 50,- 
000-gal waste-water holding tank lo- 
cated near the treating plant. The 
sump is equipped with.a vertical cen- 
trifugal-type bronze- fitted sump 
pump, with a capacity of 200 gal per 
min and, for emergencies, a steam 
pump of about the same capacity. The 
waste water from the purification of 
petroleum sulfonates is co'lected in a 
sump which holds about 2000 gal, and 
is pumped into the same waste-water 
holding tank as the white-oil process 
waste water. The same line is also used 
for both waste waters. The volume 
of the combined waste amounts to an 
average of 50,000 gal per day. Origi- 
nally, Transite pipe was used for han- 
dline the process waste water because 
steel had been found unsuitable in a 
temporary waste-water treating instal- 
lation. Inspection of the Transite pipe 
after only a few months’ service, how- 
ever, indicated severe corrosion; 
therefore, use of this construction ma- 
terial for the type of process waste 
water encountered at the Daugherty 
refinery cannot be continued. The un- 
predictable change of alkalinity, acid- 
ity, oil content, salt concentration, 
etc. — aggravated by occasional ele- 
vated temperatures and the presence 
of abrasive material, such as clay — 
makes selection of an adequate piping 
material very difficult. Bronze has 
given stisfactory service in pumps and 
valves. 

Although it is attempted to collect 
process waste water at its source and 
thereby keep to a minimum the vol- 
ume of water requiring chemical treat- 
ment, it is not possible to eliminate 
completely spills or to avoid contact 
of storm water with areas impreg- 
nated with sludge and similar wastes. 
For this reason a certain amount of 
storm water had to be included in the 
waste-water collecting system. This 
water is collected in a sump equipped 
with 2 vertical centrifugal sewage 
pumps, with a capacity of 1,400 gal 
per min each, and is pumped through 
a 16-in. standard cast-iron line to a 
holding basin with a capacity of about 
550,000 gal. The accumulated storm 
water is treated together with the 
other waste waters. 

The acidic waste water from the 
sludge - conversion plant — which 
amounts to 180,000 gal per day of 
acidic water with a temperature of 
180 F—is run by gravity through a 
1-in. rubber-lined steel pipe directly 
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TABLE 1. Properties and volume of waste-water. 





Temperature 
Source of waste water (Deg F) 


Process water from white-oil and 
petroleum-sulfonate plant 

Water from direct cooling of gases 
from sludge-conversion plant 180 

Storm water 60 to 80 


60 to 150 


Feed rate ¢ 
treating 5 
(gallon: 
er minute) 


Volume 
(gallons 


Properties per day) 


Alkaline or acidic; contains salts, water- 
soluble sulfonates, and emulsified oil 
Acidic (dissolved sulfur dioxide equiva- 

lent to 0.1 to 0.2 per cent sulfuric acid) 
Slightly acidic 


18,000 to 40,000 


180,000 125 
40 (maxiinum) 








to the treating plant. In this way all 
unnecessary handling of this very cor- 
rosive water is avoided. The proper- 
ties of the waste waters and their vol- 
ume are summarized in Table 1. 

As pointed out previously herein, 
treatment of the waste water consists 
in mixing the acidic waste water with 
the process waste water containing 
water-soluble sulfonates so that these 
are converted into the sulfonic acids 
in case the process water is alkaline. 
The acidic mixture is then treated 
with lime. A flow diagram for the 
process is given in Fig. 1. 


Mixing of the waste waters is car- 
ried out in a square concrete tank, 
5 ft square and 4 ft deep, which is 
lined with acid-resistant brick. The 
acidic mixture continuously overflows 
into an identical concrete tank, where 
it is mixed with hydrated lime sus- 
pended in a small amount of carrier 
water. The retention time in each of 
the tanks is 8 min. Agitation is pro- 
vided by mixers manufactured by 
Walker Process Equipment, Inc. The 
speed of the stirrer in the mixing tank 
is 600 rpm, whereas that of the stirrer 
in the neutralizing tank is 300 rpm. 
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450000000 TIMES A DAY! 


Where? Only in the United States. For in no other 
country in the world is soap used so lavishly. Else- 
where, soap is a prized luxury, to be employed 
sparingly. But here, it is a commonplace com- 
modity easily and cheaply available to all. 

This national phenomenon is a tribute to the 
productive and selling genius of the American 
soap industry. Mathieson is proud to be a supplier 
of caustic soda and other materials needed in the 
manufacture of soap and soap products. 

The large-scale ability to supply industry with 
such essential raw materials is a result of Mathie- 


son’s constant research in the manufacture of 
basic heavy chemicals and their many specialized 
derivatives. And Mathieson service is marked by 
dependability, too—through ample capacity, wide 
diversity, and constant flexibility. 





8797 


MATHIESON CHEMICAL CORPORATION, MATHIESON BUILDING, BALTIMORE 3, MARYLAND 
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TABLE 2. Operating data of waste-water treating plant. 
















































Process waste water Acidity 
——_—_——- : Water treated of mixed 
Average requency Far Composite sample waste Properties of «‘“uent 
Frequency _ acidity of Alkalinity -————_—_—_——_ Process Total water — en 
ofacidic (PPM of alkaline (PPM of Oxygen waste waste (PPM of Lime - Oxygen 
reaction sulfuric reaction sodium Color consumed water water sulfuric used Color consumed 
Month (days) acid) (days) hydroxide) (PPM) (PPM) (gallons) (gallons) acid) (tons) pH (PPM) PPM) 
June, 1950 . 16 983 14 1,950 1,700 518 1,678,264 7,413,264 1,360 55.3 7.5 30 42 
July, 1950 16 2,180 15 1,975 5,100 760 1,718,496 7,551,496 1,600 54.1 7.0 45 50 
August, 1950 19 785 12 440) 2,150 460 1,505,796 7,305,796 1,325 50.4 7.0 45 i7 
September, 1950 23 1,365 7 314 5,000 545 1,396,400 7,115,384 1,435 54.7 7.0 60 35 
October, 1959 : 17 674 14 515 3,160 535 1,387,540 7,027,540 1,330 52.3 7.0 65 40 
7,220,040 1,150 44.5 7.0 50 40 


November, 1950......... a 16 ~ 586 14 1,010 2,600 623 1,380,040 








The treating tanks are covered; and a the lime-sediment lagoon and over- pH to 8.4. An excess of lime above 
fume duct, made of 6-in. spiral pipe. _ flows into the storm-water basin, from _ that required for neutralization is also 
has been found adequate for the re- where it is returned to the treating useful in case of a large amouut of 
moval of sulfur-dioxide fumes. This plant. emulsified oil, inasmuch as the heavier 


simple arrangement has completely The entire mechanical equipment _ precipitate adsorbs the oil. 
eliminated any fume nuisance in the for the treating plant was made by The fact that the waste-water prop- 
treating building. Walker Process Equipment, Inc. erties are usually uniform for about 
Regulation of the treating opera- Lime sludge stored in a lagoon is 24 hours makes it possible to operate 
tion is twofold: 1, control of the vol- _ periodically pumped into a truck de- __ the plant with only one full-time op- 


ume of process waste and storm water __ signed for the purpose, and is dumped __ erator, for the reason that the control 
added to the constant flow of acidic into a sealed, abandoned shaft mine setting made at the end of the day 





























waste water; and, 2, control of the for ultimate disposal. shift usually needs only minor ad- 
amount of lime added. The flow rate : ; justments during the following 16 
of the process waste water from the Treating Plant Operation and hours. These adjustments are made by 
holding tank to the treating plant is Results the operators of another plant unit 
regulated by means of an automatic The waste-water treating plant was _ nearby. who provide part-time super- 
float valve which is operated in con- begun in February 1950, and has op- __ vision during the period when no op- 
junction with an indicating flow _ erated satisfactorily from the begin- erator is on duty in the treating plant. 
meter. The flow of storm water from _ ning. The operating data given in In order to make this operating 
the basin is controlled manually. Table 2 cover 6 representative months. | schedule possible. it was necessary 
Hydrated lime is applied to the Because of the fluctuation in the to increase the hopper capacity to 
acidic waste water by means of two __ properties of the process waste water, 7500 Ib of one of the lime feeders 
automatic lime feeders. Only one of _ the periods during which it was alka- _ from the original capacity of 650 |b. 
the feeders is normally operated; the line or acidic, as well as the periods. With the increased hopper capacity. 
second one serves as a standby. of concentration of acid and alkali, the full-time operator can fill the lime 
In order to conserve water, treated _ have been listed separately in Table 2. __— feeder and make the necessary settings 
efluent is used as carrier water for This should give a somewhat better so that the part-time operators only 
the lime feeders. The water is pumped _ picture of the operations than a sin- __ need to check the effluent quality and 
to the lime feeders with a 15-gal-per- _ gle figure for the average reaction of | make minor changes in the lime-feed 
min bronze turbine-type pump, and a composite monthly sample, inas- rate. The extension of the hopper was 
its temperature is maintained at 80 F much as the waste water is usually carried out by the refinery staff. 
by mixing with a small amount of well —_ uniform during each 24-hour period. No unusual operating difficulties 
water through a thermostatically con- On the other hand, color and oxy- _ have been encountered thus far. As 
trolled valve. Control of the carrier- | gen consumed, to a certain extent, is usual for a systenrthat handles lime 
water temperature avoids any diffi- are independent of the reaction of the _ or a lime precipitate in suspension, it 
culty with feeding damp lime, which _ water and, consequently, in this case _is necessary periodically to clean the 
occurs when the effluent is hot. the information provided by a com- __ lines that carry these suspensions, but 
Hydrated lime is received in 50-Ib _ posite sample should be adequate. the operators have found that this can 
bags, and is stored in the room which It will be noted that the lime con- _ be accomplished easily by steam (if 
contains the feeders. sumption does not run parallel with necessary, under pressure) instead of Du. 
The treated water continuously the acidity of the mixed waste waters. _ by rodding. dth 
overflows into a rectangular settling § The reason for this is that lime con- It should be noted that the volume 2 
basin (effective dimensions: 12 ft by | sumption, to a considerable extent, is of waste water listed as “plant deposi 
35 ft by 8 ft), equipped with a sludge | dependent on the sulfonate concentra- _ throughput” in Table 2 does not in- high ¢ 
collector of the flight skimmer type. _ tion; i.e., the color of the waste water _— clude any dilution by storm water ex- desiral 
The retention time in the settling and the need for lime for precipita- cept for the November data. inasmuch ira 
basin at the design flow of 200 gal per _ ting the sulfonates and for reducing as the storm-water pumping station from t 
min is 2 hours. Scum and oil that col- _—the color are indicated by the corre- _ was only completed in the last part of purpo: 
lect on the surface are removed by a _ lation of color of the process waste | October 1950. However, the data do ie 
hand-operated skimmer pipe, which = water and lime consumption. In all __ include an average of 282,000 gal per 4 
conducts the scum and oil toa collect- cases the color reduction is not less | month of storm-water runoff from an 
ing pit. The lime sediment and the _ than 98 per cent. abandoned acid-sludge pond, Addi- 
oil and scum are pumped to a lagoon Usually, addition of an amount of _ tion of the regular plant storm water 
by means of a 50-gal-per-min centri- _ lime to give a pH of 7 in the neutral- | —because of its low concentration of 
fugal sludge pump situated in the _ izing tank is sufficient to obtain alime _ sulfonates, acid. caustic, and similar 
basement of the building that houses _ precipitate that will settle rapidly. In | —-somewhat improves operations be & | EA 
the treating equipment. A second some cases, however, especially at cause this additional water acis as 4 


identical pump serves as a standby. high concentrations of sulfonates in _ diluent for the much more highiy cot 
Free water collects on the surface of the water—it is necessary to raise the | taminated process water. ° 
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Due to the increased cost of brimstone 
and the vital need to conserve basic sulfur 


deposits, petroleum refiners producing 
high octane aviation gasoline will find it 
desirable to recover the sulfuric acid 
ftom their spent alkylation acid. For this 
purpose, Chemico offers a proven and 
economical process. 


Recuperator 


Scrubber 





In this process, spent alkylation acid—now in greater supply 
as a result of the increased manufacture of high octane gaso- 
line—is sprayed into a furnace maintained at a high heat 
with auxiliary burners. Sulfur or hydrogen sulfide may be 
used as fuel thereby producing SO, gas for the production of 
make-up acid. 

A limited amount of other liquid acid sludges, high in 
hydrocarbon content, may also be added to the alkylation 
spent acid, thus providing fuel as well as additional acid 
production. The hydrocarbons are completely consumed and 
the acid is broken down into its components—sulfur dioxide, 
oxygen and water. After the water is removed, the gas is 
processed to fresh acid of 98% strength in a Chemico contact 
sulfuric acid unit. Send for additional information, stating 
your requirements. 


(CHEMICAL CONSTRUCTION CORPORATION SENS 


A UNIT OF AMERICAN CYANAMID COMPANY 
488 MADISON AVENUE, NEW YORK 22, N. Y. owen 


UROPEAN TECHNICAL REPRESENTATIVE: CYANAMID PROBUCTS, LTD., LONDON W. C. 2, ENGLAND Chemico plants are 
CABLES: CHEMICONST, NEW YORK 
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Continuous Moulding of Paraffin Wax’ 


New development freezes and moulds in a continuous process 
— will improve the economics and technology of this field 


L. H. JENNINGS,* J. H. BEARD,* and V. A. KALICHEVSKY* 




































For many years paraffin wax was re- 
garded as a surplus product of little 
value to refineries and was normally 
disposed of as a cracking stock. Only 
a small portion of the mineral waxes, 
necessarily manufactured in the nor- 
mal refining processes for gasolines 
and oils, ever found commercial out- 
lets, and what little wax was sold was 
utilized mainly as an adulterant or as 
a cheap substitute for vegetable and 
animal waxes. 

Today, however, continuously ad- 
vancing knowledge of the nature of 
mineral waxes and modern wax man- 
ufacturing techniques have resulted 
in a tremendously increased popular- 
ity for products made from petroleum 
wax. Then too, petroleum waxes have 
won new outlets on their own merits 
and the wax industry as a whole has 
acquired a present important position 
in industrial and home life. 


f the 


7Presented before technical meeting ; 
Wich- 


Western Petroleum Refiners Association 
ita, Kansas, July 20, 1951. 

*Refining division, Magnolia Petroleum Com- 
pany. 
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Two-stage crude distillation 
unit recently completed by 
Pritchard for Tide Water As- 
sociated Oil Company at Bay- 














Our Single Responsibility Contract includes: 


Design 


Economic Studies 


onne, New Jersey. 


ritchard Designs for 


Versatility and Accessibility 


This unit is typical of Pritchard’s forward looking ingenuity 
in Design, Engineering and Construction. Designed to the 
customer’s requirements for replacement of an existing 
crude unit and for processing six different types of crude 
oil at a nominal capacity of 22,500 bbls. day, this unit 
simultaneously produces eight different distillate fractions 
ranging from light gasoline to cylinder stock! 


At the same time particular care was taken to design the 
unit for maximum accessibility to the heat exchanger equip- 
ment, thus facilitating handling and reducing “shut down” 
time and maintenance costs. 


For the most modern advancements in petroleum process- 
ing, let Pritchard engineers develop your next project from 
drawing board to “on stream.” 
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Positive displacement pistons discharge wax into cooling pans. 


[he rapid growth of the industry 
may be visualized from the fact that 
the total quantity of petroleum waxes 
that will be produced in this country 
in 1951 will easily pass the one bil- 
lion pound mark, and represents an 
increase of some 30 or 40 per cent 
over the last decade. Considerably 
more than one-half of this figure will 
be represented by paraffin waxes of 
various me!ting points. Close to three- 
fourths of these waxes will be con- 
sumed for processing paper, while the 
rest will be utilized in candle and elec- 
trical insulation manufacture, in the 
textile, leather, cosmetic, and lumber 
industries and in the formulation of 


polishes. These varied uses also ex-- 


plain the necessity of supplying a 
widening market with more than one 
grade of wax. 

Paraffin wax is usually sold by re- 
fineries in the form of cakes, which 
vary in size, depending upon the avail- 
able moulding equipment and the 
wishes of customers. These cakes are 
frequently referred to as slabs of wax. 

While wax processing methods have 
steadily improved, wax moulding 
techniques have remained practically 
unchanged from the batch moulding 
method first used by the industry. 


Conventional equipment is still repre-' 


sented by a modified plate and frame 
process with moulds and cooling plate 
substituted for rings and filter plates. 

In this batch method the sides of 
the moulds and the plates project 
about 3 in. above the top when the 
press is assembled. The upper portion 
of the system resembles a long pan 
with openings at the top of each 
mould, The molten wax is pumped 
into a tank from which it gravitates 
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into the pan and through the open- 
ings into the moulds. The wax is al- 
ways at atmospheric pressure and the 
pressure from the press is applied 
only for holding the plates in place. 
After the moulds are filled, water is 
circulated through the cooling plates. 
A layer of liquid wax is maintained 
in the pan while the wax solidifies. 
This is necessary because of the un- 
even shrinkage of the wax cakes, 
which undergo a 15 to 17 per cent 
contraction from a liquid just above 


the melting point to a solid at room 
temperature. During the solidification 
process, heat is sometimes applied to 
keep the wax in the pan liquid, t)us 
insuring its easy flow into the moulds 
to form relatively uniform cakes. ‘the 
cooling period lasts from 2 to 3 hours 
depending upon the melting poini of 
the wax and the temperature of the 
cooling water. After the cakes are 
formed, the surplus wax remaining in 
the pan is scraped off, the press is 
opened, and the cakes removed maau- 
ally. 

This brief description of the batch 
moulding process suggests the many 
inherent difficulties encountered by re- 
fineries in operating this rather primi- 
tive conventional equipment. The 
process is slow and expensive, requir- 
ing a great deal of manual work. The 
cakes are often uneven and vary in 
weight because of the difficulty of 
maintaining a continuous flow of wax 
into the moulds during the solidifica- 
tion period and the presence of en- 
trapped air. After the cakes are form- 
ed, some wax is lost in scraping off 
the surplus left in the pan. The neces- 
sity of scraping the wax also makes 
the process sloppy, and the floor area 
required to accommodate batch equip- 
ment is comparatively large. 

The shortcomings of the batch 
moulding process instigated work by 
the engineers of the Magnolia Petro- 
leum Company to develop improved 
methods for manufacturing wax cakes, 
After investigating various possibili- 
ties offered by other than petroleum 
industries—all of which offered some- 


Tempering exchangers equalize temperature of molten wax. 
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Pans filled with wax moving to cooling chamber. 


what similar problems as those in the 
batch moulding system—the engineers 
decided that the continuous chocolate 
moulding machine sold by the J. W. 
Greer Company, Cambridge, Massa- 
chusetts, might be properly modified 
to offer a solution to the wax mould- 
ing problem. Through the joint ef- 
forts of the two companies, a continu- 
ous wax moulding system was built 
and put into operation at the Beau- 
mont, Texas, refinery of the Magnolia 
Petroleum Company. 

The schematic flow diagram of the 
process shown in the accompanying 
illustration reveals the simplicity of 
this new continuous method for 
moulding waxes. Here briefly is how 
the system works. First. molten wax 
kept in insulated and steam-heated 
charge tanks is pumped through auto- 
matically controlled “tempering” ex- 
changers where its temperature is ad- 
justed somewhere between 140 F and 
160 F, depending upon the wax mellt- 
ing point. For best performance this 
temperature should be as low as pos- 
sible, ;;rovided the wax does not begin 


Cooling chamber under construction 
showing position of the lower 
rows of trays and pans. 


to solidify before it reaches the cool- 
ing chamber. The tempering exchang- 
ers are designed to operate both as 
heaters or coolers in order to maintain 
an even temperature of the wax stream 






regardless of the temperature of the 
wax in the storage tanks. 

From the tempering exchangers the 
liquid wax is directed to the steam 
jacketed “‘depositor hopper.” This 
hopper is an open rectangular tank 
with a partially sloping bottom. The 
wax level in the hopper is automatic- 
ally regulated by controlling the speed 
of the charge pump. The portion of 
the hopper having the flat bottom con- 
tains 6 pistons, which act as measur- 
ing devices for the quantity of wax 
required to form the individual cakes. 
The pistons are easily adjustable, hav- 
ing a maximum ability to discharge 
12 lb of wax into each pan. After the 
pistons are set, the weight of the wax 
delivered into the pans remains con- 
stant and varies less than one-half of 
an ounce between the individual fill- 
ings. 

The pistons discharge the molten 
wax directly into the moulding pans, 
which are 19 in. long, 1134 in. wide 
and 2 in. deep. In continuous circu- 
lation are 2508 such pans. The dimen- 
sions are not critical although they 
are somewhat limited by the over-all 
equipment specifications for the in- 
dividual installations. Considering the 
minimum permissible thickness of the 
wax cakes due to their brittleness, the 
pans of the above size can accommo- 
date from 8 to 12 lb of wax. The 
moulding pans rest on trays that move 
on a chain conveyor. Each tray holds 
6 pans corresponding to the 6 pistons 
from which the molten wax is dis- 
charged. 




















































\fter the pans are filled with the 
ix, the trays carry them through 
/oling compartments where the solid 
ix cakes are formed. Cooling is done 

a stream of cold air supplied per- 
ndicularly to the direction of tray 

ravel. Cold air is obtained by passing 
air over 5 dry coil Carrier evapo- 

itors connected to a 150-ton Inger- 

l-Rand ammonia compressor. 


The cooling chamber is completely 
losed and insulated to insure maxi- 
im operating economy by recircu- 
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General view of continuous wax moulding plant. Remote 
control operating panel can be seen in the center. 


lating air within the system. For maxi- 
mum output the refrigerating coils 
are run at full capacity and the blow- 
ers are operated at constant speed. 
Air temperature is maintained at 20- 
30 F. The rate of cooling the wax 
cakes is controlled automatically by 
varying the speed of the conveyor; it 


Depositing and discharge sections of moulding unit. 
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depends upon the melting point of the 
wax to be moulded. The higher the 
melting point of the wax, the greater 
the unit output. 


Construction of chain conveyors 
passing through the cooling chamber 
deserves further deseription because 
of their ingenious design. After the 
conveyor reaches the opposite wall of 
the cooling chamber, the trays are au- 
tomatically lifted and transferred to 
the next higher level of the same con- 
veyor to move in the opposite direc- 
tion. This is done without disturbing 
even to the slightest extent the par- 
tially solidified wax in the moulding 
pans that would result otherwise in 
wrinkles on its surface. The doubling 
of the conveyor may be repeated as 
many times as desired, contributing 
to the compactness of the design by 
substituting height for length of the 
cooling section. In the Magnolia Pe- 
troleum Company installation the 
trays make 14 passes through the cool- 
ing section, traveling a total distance 
of about 800 ft in a space 64. ft long 
and 10 ft high. The entire moulding 
unit is driven by one 10-hp motor 
through a variable speed reduction 
gear. The residence time of the wax 
in the cooling section may be adjusted 
anywhere from 60 to 180 minutes by 
varying the speed of the main drive 
gear. 


The surface temperature of the wax 
cakes leaving the cooling chamber !s 
controlled between 60 F and 80 F. 














THE GREER CONTINUOUS WAX MOULDING MACHINE 


Introducing Continuous Processing of Liquid Wax into Slabs 


NOW in actual operation, and 
available to the Oil Industry, is 
this revolutionary machine which 
receives liquid wax from storage 
tanks — Deposits in Moulds 
Cools to a Solid Slab — and De- 
moulds ready for shipment — al/ 
Continuously and Automatically, 
without a hand touching it! 


Pictured above is the discharge 
end of the machine which occu- 
pies a space of only 19 x 78 feet 
and produces 12,500 lbs. of fin- 
ished slabs per hour — with a 
variation in weight of less than 
l4 of 1%! 

Developed and manufactured 
by the J. W. Greer Company, who 
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for over 33 years have been solv- 
ing problems of continuous auto- 
matic processing in the Biscuit, 
Cracker, Confectionery, and Proc- 
ess Industries. 

For further information on this 
really NEW development, send 
for the bulletin containing specific 
data on capacities and technical 
specifications. 


J. W. GREER COMPANY - CAMBRIDGE 39, MASS. 
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depending on the melting point of the 
wax. The lower the melting point of 
the wax, the lower the temperature at 
which the wax cakes are discharged. 

The wax cakes are also removed 
from the moulding pans automatical- 
ly. The pans that are attached to the 
straps are tilted until they are in the 
upside down position and the cakes 
drop from the pans. The chain con- 
veyor makes another turn and the 
trays and pans assume their former 
positions. The bottoms and sides of 
the empty pans are heated slightly by 
passing the trays over an electric 
heater before starting the next travel- 
ing cycle through the system. The wax 
cakes dropped from the pans are 
picked up by a belt conveyor. 

The original installation included 
an automatic weighing device for in- 
specting the wax cakes. This device 
was soon found to be superfluous, 
however, because the individual cakes 


E NGINEERS at the Disco Corporation, 
Imperial, Pennsylvania, have solved 
the problem of expansion cracks in 
thermal insulation by insulating the 
high-temperature metal surfaces of 
their carbonizers and roasters at oper- 
ating temperatures—up to 1050 F. 
Thermal expansion from shutdown to 
processing temperatures adds about 8- 
in. to the length of each carbonizer 
and 5-in. to the length of each roaster; 
insulation installed on the huge units 
while shut down would be very liable 
to crack and lose some of its effective- 
ness. By applying mineral wool blan- 
kets and cement to the metal surfaces 
while hot—at maximum expansion— 
the insulation covering was fitted at 
normal operating conditions. 

Disco’s seven carbonizers (125 ft 
lone and a 9 ft internal diameter each) 
and seven roasters. (6 by 95 by 16 ft 





TEMPERATURE MEASUREMENTS 
ON OUTSIDE INSULATION 





SURFACE 
Roaster and Carbonizer-Disco Corporation 
Thickness of Temperature® 
Point of mineral wool Temperature on outside 
emperature (24 by 48 in. at metal insulation 
neasurement —_ blankets) surface surface 
inches deg F deg F 
High end 4 900 148 
Miidle 4 750 123 
Low end 4 600 119 
arbonizer 
Hich end... 8 1050 186 
Mi Lile : 8 975 161 
Low eni.. 8 990 143 
* Measured with mercury-bulb thermometer completely 
insulated except for tip against insulation. 








Industrial Mineral Wool Institute. 


C-48 


vary less than one-fifth of one per 
cent by weight from the average. In 
the conventional batch moulding proc- 
ess, cakes of similar sizes varied in 
weight by as much as 5 per cent. 

The equipment, which has been in- 
stalled at the Magnolia Petroleum 
Company, is capable of moulding 
from 11,000 to 17,000 lb of wax per 
hour, again depending upon the wax 
melting point. The wax cakes are ex- 
ceptionally uniform in size and have 
a bright luster, appealing to the eye. 
No wax is slopped except at the very 
beginning of the operation while the 
equipment is brought up to equilib- 
rium conditions. This slop wax is re- 
turned to a special melting tank for 
reprocessing. 

The labor requirements per unit 
weight of moulded wax produced was 
reduced 5 times as compared to the 
conventional batch process with fur- 
ther savings in sight. The larger the 


volume of the wax moulded, the g: sat. 
er the savings in manpower. 

The appearance of the conventi nal 
wax moulding rooms with the wax 
spilled on the floor and equipme:: is 
practically eliminated. The floor s):ace 
required for accommodating the 
equipment is not over one-tent!: of 
that normally occupied by the wax 
moulding presses and may be furiher 
reduced, if desired, by increasing the 
height of the cooling chamber. 

The new continuous process is also 
well adapted for automatic packaving 
of wax cakes into paper boxes and dis- 
charging these boxes directly into the 
freight cars. This makes the process 
highly desirable from the sanitary 
pomt of view, because handling of 
wax or wax cakes by hand may be 
completely avoided from the time the 
crude oil is obtained by the refinery 
until the finished product is delivered 
to the customer. ke 
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Hot Prevents Expansion Problems: 


each) process over 1000 tons of coal 
per day to produce Disco, a smokeless 


fuel from which liquors, tar and gases 


have been removed. In one illustra- 
tion, a hot recirculating gas duct, in- 
sulated with mineral wool blankets, 
leads diagonally from a roaster on top 
to a furnace below the carbonizer. To 
maintain the delicate process balances 
under all weather conditions, mineral 
wool blankets insulate 66,500 sq ft on 
seven such processing units. 

The insulation was applied to all 
units in 24 by 48-in. blanket sections. 
On each of the seven roasters, at an 
average temperature of 750 F, 5000 
sq ft of surface area were insulated 
with a single layer of 4 in. thick blan- 
kets. Two 4 in. layers were applied to 
4500 sq ft of surface on each of the 
seven carbonizers at average tempera- 
tures of 975 F. The blankets, com- 
posed of mineral wool between metal 
lath and wire netting, were installed 
with the wire netting against the 
heated metal. 

The insulating blankets were 
secured by studs, 300,000 in all. 
welded to the metal on 9 in. centers. 
The studs were 5 in. long for the 4 in. 
thick insulation and 9 in. long for the 
8 in. thickness. After all the blanket 
sections were impaled on the studs, 
galvanized iron bands were tightly 
wrapped on 12 in. centers around the 
carbonizers and roasters to ensure a 
long-lasting insulation cover. 

A lock washer was placed over each 
stud (1 in. end of each stud protruded 
above the metal lath) and the stud 


ends were bent over. Over the insula- 
tion, a 1% in. thickness of mineral 
wool insulating cement was applied in 
two 14 in. layers. The first layer was 
trowelled into the metal lath and, after 
drying, the second layer was trowelled 
over it. 

Then sections of 1-in. wire mesh 
were stretched over the cement and 
laced together with 18-gage galvan- 
ized iron wire. The mesh covering was 
secured by auto-clench staples driven 
into the cement on approximately 12 
in. centers. As a weatherproof finish, 
asphalt mastic was trowelled into the 
mesh covering to provide a 14 in. dry- 
thickness when dry. 

The insulating effectiveness of the 
mineral wool blankets is indicated by 
the temperature measurements in the 
table. The temperatures on the outside 
insulation surface were measured al 
three points along a carbonizer and a 
roaster and are compared with actual 
metal surface temperatures at the same 
points. kee 
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Ralph Basnight, an employee 
of the Plymouth Oil Company 
at Plymouth, North Carolina, 
jumped from an oil company 
dock on the Roanoke River near 
Hartford, North Carolina, and 
rescued a man and a boy after 
their boat had foundered. ‘wo 
other occupants of the boat were 
drowned in this tragedy. 
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Underground salt beds and domes. 


Underground Storage for 
Liquefied Petroleum Gases’ 


Storage of excess LPG in salt domes from which salt 


has been dissolved proves feasible and practical 


FRANK MATHENY~* 


We are ALL keenly aware of the 
long existing problem of how to con- 
serve LPG products in off seasons in 
order to supply our consumers during 
seasons of peak demand. 


Last year from the rostrum of the 
NGAA Convention in Fort Worth, I 
made the prediction that by the time 
of the next convention your storage 
problem would have been solved. That 
statement was not conjecture, as we 
had had under way for a long time a 
development program to provide eco- 
nomical artificially formed under- 
ground storage near manufacturing 
plants and near consuming markets— 
and neither one is more important 
than the other—it depends on which 
ls mentioned first. The development 
stage of this means of storage is now 
behin« us with the proved commercial 
use of thousands of barrels of such 
storage facilities. So far as I person- 
ally know, the only manufacturers 
who did not miss a shipment last win- 


*Sid 


‘ichare e + , or 
Worth, en Gasoline Company, Fort 
4 % ° ; 
a ‘ ‘d before the 30th Anniversary Con- 
len Tal tural Gasoline Association of Amer- 
, 


Oklahoma, April 25-27, 1951. 
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ter depended upon such underground 
storage to fill their own customer 
requirements— and, incidentally, to 
help some of their competitors 
through the trying periods. 

The design engineers, the plant op- 
erators and the sales departments have 
been plagued for years attempting to 
balance supplies and demands. Local 
area ratios run as high as 6:1, 3:1 is 
common, and 2:1 might be average. 
We try to balance high ratio consum- 
ers in one area and season against 
other consumer demands whose peak 
loads are at another season. Almost 
every year we have helplessly wit- 
nessed seasonable wastage of valuable 
LPG products and have failed our 
consumers at the time they need these 
products most. I doubt if the industry 

-taken as a whole—can completely 
absolve itself of the obligation to 
serve, if segments of that industry 
have taught a people to depend upon 
those services. Even today this Asso- 
ciation is spending considerable sums 
to advance further the sales of LPG 
right in the wake of one of its worst 
winter performances, I sincerely hope 
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and believe this paper will offer ave- 
nues to a more stabilized distribution 
irrespective of so-called load factors. 

Unlike the motor gasoline industry, 
which for many years has stored all 
winter to meet summer requirements, 
the cost of our storage investments has 
been hopelessly prohibitive. It is be- 
lieved $20 per barrel or nearly 50 
cents per gallon is a representative 
cost figure for propane tankage, and 
considering propane values, there is 
not a whisper of a hope ever to effect 
a payout on money so invested. The 
one company that has attempted steel 
storage to flywheel seasonal demands 
frankly admits no payout as such is 
expected. It considers the investment 
an over-all overhead cost of its exten- 
sive marketing operations (and 1 
undertsand they do a good job). 

Things are not as bad as all this 
might sound, however. Since the in- 
ception of LPG marketing, forward 
looking companies, operating person- 
nel, and top flight engineers have been 
relentlessly pursuing every avenue of 
promise. Because of the physical char- 
acter of the product, with its attendant 
hazards and tankage cost, the weather 
eye has always been trained toward 
some kind of underground storage, al- 
though other approaches such as re- 
frigerated low pressure, adsorption, 
and other types of storage, have been 
thoroughly investigated. Perhaps it 
might be interesting to review a few 
of these projects and studies. 


One of the earliest used disposal 
methods was merely converting a low 
producing oil well on a lease into a 
butane injection well. If injected in 
quantities, the butane promptly 
showed up in the offset wells and a 
recycle established. Net ultimate re- 
coveries varied from nil to fairly 
sood. I do know of some instances 
where the effect on crude oil recovery 
was so startling that one wonders 
whether petroleum production engi- 
neers have followed up the potentiali- 
ties. 

Stray gas sands and depleted gas 
wells have also been used. Recoveries 
from some, like the Layton and Paw- 
huska sands in Oklahoma City, were 
very disappointing, though La Gloria 
Corporation reports storage in a 5500- 
ft inactive gas reservoir as quite suc- 
cessful. Into this reservoir of 1800 Ib 
pressure and 20 per cent porosity has 
been injected around 20,000 bbl of 
butane with 62 per cent recovered by 
flowing, and the well was still flowing 
marketable product at the end of the 
withdrawing season. This well was 
worked alternately for storage and for 
production as plant sales required. 
Unofficially I have heard of other gas 
well storage programs even more re- 
markable than La Gloria’s. 

Salt water sands have been a favor- 
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ite hunting ground. Last year we had 
an excellent paper by C. B. Johnson 
recounting The Chicago Corporation’s 
experience at Carthage. Johnson now 
reports that they have improved their 
technique considerably, that during 
the past year an additional 105,000 
bbl were stored, 22,000 or 21 per cent 
flowed out by water injection for win- 
ter use, comparing favorably with the 
data presented to you last year. Here 
is the important difference: At the 
end of the 1950-51 withdrawal season 
the well was still flowing 250 bbl per 
day of marketable product, and that 
rate was limited by the capacity of the 
water injection pump. It is entirely 
possible the major losses have been 
sustained and The Chicago Corpora- 
tion now has working storage. 

We once stored around 90,000 bbl 
of butane in the Ruseler salt water sec- 
tion, a porous dolomite, in Winkler 
County at a depth of 850 ft. When re- 
covery was started approximately 23,- 
000 bbl or 25 per cent flowed nat- 
urally. A casing pump was then in- 
stalled and some 3000 bbl more re- 
covered, making an over-all recovery 
of a shade less than 30 per cent, with 
the well still pumping 1000 to 1500 
val per day. 

Millions upon millions of gallons 
have been pumped into the granite 
wash of the Texas Panhandle with al- 
most instantaneous migration. 


Warren Petroleum reports a 25,- 
(00-bbl experimental reservoir at one 
of its Breckenridge, Texas, plants. 
This chamber was mined from be- 
tween two impervious layers of lime- 
stone at only a fraction of the cost of 
equivalent steel tankage. The corpora- 
tion’s engineers report no difficulty 
was encountered in either the storage 
or the removal phases of operation 
during commercial use over the last 
business cycle. While they consider it 
highly successful their engineers point 
out the major prerequisite to general 
use of such reservoirs is the discovery 
of formations that are dry, impervi- 
ous, unlikely to contaminate products, 
and with an overburden of heavy den- 
sity and sufficient structural strength 
to permit mining without supports. 
This roof formation they report 
should not be less than 150 ft or more 
than 500 ft from the surface. 


Low pressure vessels plus refrigera- 
tion have been estimated for all pres- 
sure levels. In addition to operational 
hazards the economics always point to 
pressure vessels, though it is possible, 
where a plant has idle equipment, re- 
frigeration could be cheaper. 

\dsorption on charcoal or similar 
materials with provision for revapor- 
ization and condensing has been eval- 
uated, but again the economics say 

teel tanks. 

This review brings out the fact that 
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industry has for years been searching 
for a solution to its storage problem, 
and where local conditions have been 
right, remarkable progress has been 
made; maybe the rest of us just have 
not looked hard enough. 

In light of the geographical loca- 
tion of salt beds and salt domes with 
respect to manufacturing plant loca- 
tions, transportation facilities, and 
ultimate markets, and in light of the 
cost and performance of commercial 
storage reservoirs in these sale sec- 
tions, it does appear the nearest ap- 
proach to an over-all solution to the 
industry’s storage, transportation and 
marketing problems lies in the exten- 
sive use and strategic location of salt 
section reservoirs. 

On Fig. 1 is depicted the location of 
these beds and domes as assembled 
from many sources of information. 
Note the massive beds of the Permian 
Basin Area underlie practically all of 





the West Texas, New Mexico, Pan- 
handle and South Hugoton extraction 
plants. All of these plants have storage 
under their plant sites to accumulate 
off season surplus to meet all peak 
season local demand, and those for- 
tunate enough to have LPG pipe /ine 
outlets can leave their products under 
their plants until the pipe lines call 
for it. 

Note that the gasoline and recycling 
plants around the coast from South 
Texas to Mississippi are literally in- 
terspersed with salt domes. In Eastern 
Louisiana, in Mississippi and Ala- 
bama, the territory whose consumers 
probably suffer most from winter 
famines, note that this section of the 
Southeast has salt domes almost 
ideally situated to markets. What 
would be more logical than to use 
your tank cars all summer moving 
surplus LPG into this area, then serve 
the local consumers through the use 


FIG. 3. Caliper surveys, 25-hr circula- 
tion on left and 50-hr circulation 
on right. 
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of dealers’ trucks all winter—divert- 
ing the tank cars to other hauls? In 
fact, some of the Southeastern deal- 
ers, veterans of the famine or feast 
market, are today busily engaged in 
installing thousands of barrels of 
underground storage in these domes. 

Observe the salt beds in Michigan, 
(Ohio, Western Pennsylvania, and into 
Western New York. Here are storage 
areas near both domestic and indus- 
trial markets. 

How to go about installing one of 
these reservoirs? We have found that 
most of the required information in 
the oil country can be had by inspec- 
tion of oil or gas well logs, the re- 
mainder such as availability of water, 
salt disposal, desired capacities and 
withdrawal rates are readily obtain- 
able in each locality. For brevity the 
procedure at Richardson’s Kermit 
plant will be described since it offered 
problems not encountered in the salt 
domes. 

Fig. 2 shows schematically the log 
of the salt section and cross section of 
the reservoir. Note that though the 
whole section is over 600 ft thick, 
there are strings of anhydrite and 
shales scattered throughout. Observe 
also the 1250-ft ledge of approxi- 








A description of the operations, 
and actual figures on costs and sav- 
ings at the Palembang refinery of 
Standard-Vacuum Petroleum Mij. 
in Indonesia, are contained in a 
paper delivered before the Third 
World Petroleum Congress at The 
Hague. The paper, entitled, Gaso- 
line Sweetening Operation at 
Palembang Refinery, was written 
by E. C. Campioni, superintendent, 
technical service division, and P. J. 
Cordia, process engineer of Stand- 





Soda Sweetening Process at Palembang 


ard-Vacuum’s technical service di- 
vision in Sumatra. 

Campioni and Cordia describe 
the double-stage soda sweetening 
process this firm has developed to 
sweeten the 6-8 copper number 
gasoline, In the new process, the 
sour gasoline is consecutively 
treated with a weak and strong 
caustic soda solution. The weak 
solution is made up by diluting the 
partly spent strong soda effluence, 
and after being spent is discarded. 








mately 20-ft thickness and the similar 
one at about 1450 ft; more will be 
said about these later. 


An ordinary jackknife rotary rig 
was moved on to the location, fresh 
water casing set and cemented at 350 
ft, then the well was drilled to a total 
depth of 1770 ft, 95g in. casing was 
cemented in the anhydrite as 1162 ft 
—about 110 ft above the top of the 
salt section and 21% ft upset tubing 
bottomed at 1748 ft or 22 ft off bot- 


FIG. 2. Typical cross-section of well and reservoir. 
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STORAGE WELL CAPACITY. BARRELS 


tom. The drilling rig was then moved 
off and the water circulating pump set 
and connected to the plant water sys- 
tem from which 3000 to 5000 bbl per 
day were available. The land in this 
area is quite arid and was owned in 
fee by the plant, so that for salt water 
disposal an earthen dike was thrown 
up adjacent to the well and circulation 
started. Generally, water was pumped 
into the well through the annular 
space and displaced from the bottom 
through the tubing in order to carry 
out the insoluble salts and small par- 
ticles from the caving shales. 

As anticipated the anhydrite string- 
ers at 1250 ft and 1450 ft did not dis- 
solve resulting occasionally in fines 
stopping down-circulation between 
the well bore and the tubing. In these 
cases circulation was reversed, pump- 
ing water into the tubing to flush 
the fines out. Occasionally particles 
lodged so firmly over the mouth of 
the tubing as to practically stop cir- 
culation. These were dislodged by re- 
versing circulation. (I will add, how- 
ever, that before using the reservoir 


FIG. 4. Expected percentage of saturation of the effluent 
water vs reservoir capacity. 






again for storage, we will pull 214- 
in. tubing, shoot out the 1250-ft an- 
hydrite, and reset 5-in. tubing above 
the 1450-ft stringer.) 

Until the diameter became too 
large, Halliburton ran mechanical cal- 
ipers at intervals. Fig. 3 shows on the 
left the caliper survey after 25 hours’ 
circulation and on the right after 50 
hours. Though the insoluble anhy- 
drite stringers appear acute on both 
of these, note radical difference in the 
horizontal and the vertical scales. If 
the drawing could depict a section 
2000 ft long and 30-40 in. wide these 
ledges would appear quite smooth. 

Circulation was continued until the 
reservoir was needed then filled to 
meet winter peak requirements. As 
many as 15 cars per day were loaded 
directly from this reservoir by pump- 
ing water down the tubing. Friction 
loss through the 214-in. tubing con- 
trolled the withdrawal rate which re- 
sulted in the decision to replace the 
2\%-in. tubing with 5-in. Without 
means of actual measurements we 
speculate the over-all underground 
reservoir to be somewhat like Fig. 2. 

Other items in which you might be 
interested will be mentioned briefly. 

Upon completion of the drilling op- 
erations and setting of casing and tub- 
ing, a pressure test will, in our opin- 
ion, confirm or deny your possibili- 
ties. Care must be taken here to apply 
test pressures well under those which 
would break down the formation. In 
fact, the pressure gradient is the key 
to installation and to the use of all 
underground reservoirs. 

There is no practical difference be- 
tween using water at atmospheric 
temperatures as against hot water. For 
example at 60 deg and 100 per cent 
saturation it requires 6 bbl of water 
to remove 1 bbl of salt, whereas at 
120 deg it still requires 5.86 bbl of 
water to dissolve 1 bbl of salt. For- 
getting temperatures and averaging 
out low saturations during initial cir- 


culation with full saturation after con- 
tact space is provided, a figure of 6.3 
bbl water per barrel of reservoir made 
is a good rule of thumb. 

Experience confirms the theory that 
the capacity of the reservoir can be 
quite accurately estimated by meter- 
ing the fresh water, taking periodic 
test on the effluent with a brine cali- 
brated hydrometer and then from a 
prepared solubility curve, calculate 
the salt removed or the reservoir 
space added. Fig. 4 illustrates the ex- 
pected percentage of saturation of the 
effluent water vs reservoir capacity. 

The relative difference in cost, per- 
centagewise, of the first, second, and 
third reservoirs, all in the same gen- 
eral area and structure, and based on 
the same theories, was alarming— 
even though the highest cost reservoir 
was exceedingly profitable. 

Costs are of a relative dimension. It 
is obvious that the size of reservoir, 
location, depth of beds or domes, de- 
sired recovery rates, etc., all have their 
influence. It is also obvious that most 
of the money is spent before water 
circulation even starts so that the per 
barrel investment varies inversely with 
size. A 100,000-bbl reservoir should 
be installed in West Texas for + 
$50,000 or around 50 cents per bar- 
rel. A 500,000-bbl reservoir adjacent 
to the Mississippi River might go in 
for $75,000 or 15 cents a barrel. Too, 
they are like a bathroom in that the 
fancier you want the trimmings, the 
more it costs. 

Pumping pressures and costs at 
Kermit compare favorably with ordi- 
narly plant to tank car operations. 
Depth of reservoir and size of tubing 
being the controlling factors, required 
pressures and attendant horsepower 
lend themselves to calculation for any 
location. 

Every effort has been made to ac- 
quaint the industry with the possibil- 
ity of these reservoirs. Public demon- 
strations have been held where visit- 





Some important advantages in 
operation of the Fischer-Tropsch 
synthesis were discussed in the 
paper, “U. S. Bureau of Mines 
Fischer-Tropsch Pilot-Plant 
Studies of Oil-Circulation Proc- 
esses,” by H. E. Benson, J. M. 
Crowell, J. H. Field, and H. H. 
Storch. Presented before the third 
World Petroleum Congress, the 
paper gives full details of results 
of several experiments to develop 
the oil-circulation process. 

The paper summarizes the 
Fischer-Tropsch process develop- 
ment, and the essential features of 





Oi! Circulation Processes Described 


the German fixed-bed system, the 
hot-gas recycle and oil circulation 
process, and the oil-slurry and 
fluidized-bed system. 

The Fischer-Tropsch synthesis 
by the moving-bed oil-circulation 
system seems desirable because it 
can use feed gases of approxi- 
mately 1 : 1 H, : CO ratio that are 
readily and more cheaply produced 
from coal than are synthesis gases 
high in hydrogen. It is felt that the 
flexibility of the operation of the 
moving-bed oil-circulation system 
may offer the best possibility of 
more economic synthesis gas usage. 
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ing engineers could observe the stee] 
tank gauges, the injection pre=sure, 
injection rates, dead storage pres. 
sures, withdrawal pressures, inspect 
product specification before, curing 
and after withdrawal and finally cop. 
firm for themselves the 99-+-% return 
to steel tankage of products so siored, 
Except for the loss of around 5° bb] 
the first time used (which we attribute 
to erosion of the ceiling above the cas. 
ing seat) any loss experienced has 
been in the order of the error o! tank 
gaging. The National Security Re. 
sources Board has seen fit te send 
Army and Air Force officers down to 
observe, and to evaluate the process 
for military usage. The British Gov- 
ernment has sent its representatives 
out. Articles have appeared as news 
items in Fortune, The Oil and Gas 
Journal, Journal of Petroleum Tech.- 
nology, Chemical Engineering, news. 
papers, private literature and the proc- 
ess has been brought to the attention 
of many potential users through per- 
sonal contacts. 

Extensive work has been done and 
is still being done which indicates sol- 
uble shales are as effective for storage 
purposes as are salt beds—but that 
might be another paper. 


The time is long past for us to con- 
sider the LPG industry as a by-prod- 
uct, a side line, or a seasonal business. 
While not among the biggest, this in- 
dustry is definitely big business and is 
now a necessity of life for millions of 
people and thousands of other indus- 
tries. It is an industry performing a 
service in which every manufacturer, 
every jobber and every dealer can 
take pride in his contributions. 


In conclusion, I would like to say 
that you now have, or have within 
reach of your cable tow—a ridicu- 
lously cheap method of storing your 
LPG products (or any other hydro- 
carbon), and this year’s prophecies 
for the LPG industry are: 

1. You are going to save many dol- 
lars in investments while saving for 
other use untold tons of steel. 

2. The flaring or wastage of these 
products will cease. 

3. You will, like the motor fuel 
manufacturer, as a matter of business 
routine, accumulate product in off use 
season to fill consumer requirements 
in peak seasons. 

4. You will placate the anxiety of 
present and potential LPG users occa 
sioned by the feast-famine record be- 
hind us. In other words, stabilize the 
most turbulent market in the petro: 
leum industry. 

5. You will save yourselves a lot 
of headaches while making a lot of 
money for yourself, your royalty 
owner, your dealer, and yet save the 
ultimate consumer money and extreme 
inconveniences. e* 








THE PETROLEUM ENGINEER, Reference Annuci, 195! 











Os 


ratir 
lines 
Bore 
dure 
(See 
To o 
Bore 
must 
conti 
spar 
whil 
One 
by w 
by r 
from 
ed b 
by tk 


Sc 
light 
for t 
erati 

1. 
duris 
trem 
settiz 

- 
caus 
acro: 





*Du 
1Tes 
is des 
1946,” 








THE 






ot 
of 
ty 
he 


ne 


One of the most useful methods of 
rating the antiknock values of gaso- 
lines on the road is by means of the 
Borderline Road Knock Test proce- 
dure' or by modifications thereof. 
(See Fig 1 for typical knock curves. ) 
To obtain road knock test data by the 
Borderline procedure, the test car 
must be equipped with a means of 
controlling and indicating the engine 
spark advance from within the car 
while it is in operation on the road. 
One of the most convenient methods 
by which this can be accomplished is 
by reading the actual spark advance 
from a flywheel protractor illuminat- 
ed by a spark timing light triggered 
by the ignition system. 


Deficiencies of Standard Lights 


Some conventional spark timing 
lights sold commercially can be used 
for this purpose but have several op- 
erating deficiencies. These include: 

1. Misfiring of the timing light 
during engine deceleration and at ex- 
treme advanced or retarded spark 
settings. 

2. Misfiring of the spark plug be- 
cause of leakage of the spark voltage 
across the timing light. 





*Du Pont petroleum laboratories. 

1Test procedure, CRC Designation F-8A-9438, 
is described in detail in the “‘CRC Handbook— 
1946,” page 87. 


Improved Spark Timing Light® 
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FIG. 1 


An analysis of the problem has 
shown that timing light malfunction- 
ing is caused by (a) reduced ignition 
voltage under certain engine operat- 
ing conditions and (b) creation of an 
electrical leakage path for the spark 
plug voltage by dirt or moisture ac- 
cumulated on the flash tube. These 


P 263.1 


effects could be eliminated if the tim- 
ing light circuit were entirely divorced 
from the ignition system. This has 
been accomplished with an improved 
spark timing light developed by the 
Du Pont petroleum laboratory by uti- 
lizing a thyratron tube relay circuit, 
activated by induced voltage from a 
spark plug lead, to trigger the timing 
light flashes in a separate circuit. 


Improved Spark Timing Light 

The circuit diagram of the im- 
proved spark timing light is given in 
Fig. 2. A Mallory power pack is used 
to provide high voltage for the Sun 
white type flash tube and, through a 
voltage divider circuit, the thyratron 
tube. In the normal operating condi- 
tion, the thyratron tube does not trans- 
mit any signal. However, a metal plate 
clamped on a spark plug lead acts as 
a capacitive pickup and transmits a 
trigger signal of 50 to 100 v to the 
grid of the thyratron tube each time 
a high voltage pulse passes through 
that particular spark plug lead. This 
trigger pulse causes the thyratron tube 
to fire, discharging condenser C, 
through the primary winding of the 
induction coil, inducing in the secon- 
dary of the coil a voltage pulse of ap- 
proximately 1000 v, which triggers 
the flash tube. The oscillation in the 
primary circuit of the induction coil 
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Ri - O.Smeg. 

R2- 5.Omeg.Potentiometer 

R3- 25K, IOW. 

R4- 25K, IOW. 

Cl- 0.25mfd. 

C2- 1.75mfd. 

A- AN-3106-14S~-7P Plug 

B- AN- 3102-14S-7S Receptacle 

Power Supply ~ Vibrapack- VP552 
PR Mallory & Co.tnc. 

L- induction Coil, Lauson Go. part 

No. 22094 
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immediately cuts off the thyratron 
tube and returns the circuit to a nor- 
mal state for the next trigger pulse. 

The following two simple adjust- 
ments are required to make this tim- 
ing light operate on any car: 

1. In accordance with the instruc- 
tions printed on the Mallory power 
supply, position the vibrator for op- 
eration on a positively or negatively 
grounded automotive ignition system, 
as the case may be. 


2. Adjust the thyratron tube bias 


to an intermediate value so that extra 
flashing does not occur at idle opera- 
tion and the flash tube does not mis- 
fire on rapid deceleration of the en- 
gine. . 
With these two adjustments, the tim- 
ing light is adaptable to any commer- 
cial automotive ignition system. 


It has been determined that spark 


timing measurements made with this 
unit are identical with similar meas- 


urements made by other methods, 
Considerable use in road knock test 
work has shown this instrumen: to 
have the following advantages over 
commercial spark timing lights: 

1. Equally brilliant and steady 
timing flashes are obtained regardless 
of engine speed, spark advance. and 
condition of the ignition system. 

2. The spark plug -voltage is not 
shorted by the timing light regardless 
of its operating condition. * * * 


P 732.4 


Two Ways to Insulate Flanges, Valves, and Fittings 


Pipe flanges, valves, and fittings are 
often the most extravagant heat wast- 
ers in the entire refinery or petroleum 
processing plant. For the simple rea- 
son that their odd shapes make them 
appear difficult to insulate, these mem- 
bers frequently remain uncovered and 
radiate heat to the surrounding atmos- 
phere with resulting overheated work 
areas and higher fuel costs. Engineers 
and insulation contractors, however, 
have developed at least two easy 
ways to insulate these members—the 
“notched block” technique and min- 
eral wool cement method. 

The “notched block” technique 
comprises the following four steps: 
(see Fig. 1) 

1. Cut and notch blocks of mineral 
wool to conform to the given contour. 

2. Wire the blocks in place with 16- 
gage galvanized wires or wire bands. 

3. Apply a 4 in. coat of mineral 
wool cement, troweling it well into 
cracks between adjacent blocks. 

1. Apply finishing materials to con- 
form to neighboring pipe-insulation. 
For example, canvas jacket indoors; 
sheet-metal jacket, roofing felt, or 
asphaltic finish outdoors. 


*Secretary, Industrial Mineral Wool Insti- 
tute, 441 Lexington Avenue, New York 17, 
New York. 


FIG. 1. A, pipe insulation; B, block in- 
sulation; C, No. 16-gage galvanized 
wires; D, insulating cement. 








RICHARD L. DAVIS* 


The cement method requires sim- 


ply that mineral wool insulating 
cement be applied to the flange, valve, 


or fitting to the thickness of adjacent 
pipe insulation. Insulating cement is 


applied in successive layers 34 in. or 
less in thickness to allow thorough 
hardening. When the desired thick- 


ness has been built-up the same finish- 


ing materials are applied as are used 
to finish adjoining sections of pipe in- 


sulation. 


To illustrate the savings which can 
be effected by proper insulation of 
flanges, valves, and fittings, let us 
assume a typical example of ten sets 
of 6 in. companion flanges having a 
bare surface area of 1.82 sq in. each 


and operating at 350 F. Assume each 


flange is insulated with 2 in. insulat- 
ing cement. 

The bare heat loss = 798 Btu by 
1.82 sq ft by 8760 hr/per year = 
12,722,514 Btu/per year (Kent, Page 
3-64). 

The insulated loss = 64 Btu by 
2.73* sq ft by 8760 hr/per year = 
1,530,547 Btu/per year (Kent, Page 
3-67). 

Subtracting: 12,722,514 less 1,530.- 





*50 per cent added to bare surface area to 
get outside area after insulating. 


FIG. 2. Flanges and valves comprise a 
large overall surface area that can 
waste many Btu's. 





547 = a saving of 11,191,967 Btu / per 
year. 


TABLE 1. Recommended minimum 
insulation thicknesses. 


Block or Board Insulation i Insulating Cement? 





Thickness || Thickness 

Temperature F inches | Temperature F inches 
Up to 200.. « - || Up to 200..... 1 
200 to 400.... 3 || 200 to 400... 1% 
400 to 500....... 2 || 400 to 500... 2% 
500 to 600. . 214 — || 500 to 600. 3 
600 to 700..... 3 '| 600 to 700. . 34 
700 to 900... 314 || 700 to 900. 4 
900 to 1,100. . . 4 |}900 to 1,100.... 445 
1,100 to 1,300.... 414 || 1,100 to 1,300. 5 
1,300 to 1,500... 5 || 1,300 to 1,600. . 5% 
1,500 to 1,600... 514 | 1,600 to 1,800.... 6! 











Assuming the use of fuel oil having 
a heat content of 145,000 Btu/per gal 
and an operating efficiency of 60 per 
cent, the saving is equivalent to 1,286 
gal of oil saved per year. At present 
insulation, labor, and fuel costs, the 
installation would pay for itself in 
about ten months. 

Table 1+ gives recommended min- 
eral wool cement and block thickness 
for this type of application. Figs. 2 
and 3 show typical flange, valve, and 
fitting insulation jobs. 


+Commercial Standard CS117-49, ‘Mineral 
Wool Insulation for Heated Industrial Equip- 
ment.” Single copies available free from the 
Industrial Mineral Wool Institute. * * * 


FIG. 3. Typical valve insulation prob- 
lem— insulation of manifolds. 
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Sinciair Pipe Line Company in the 
last 10 years has placed in operation 
2841 miles of refined products pipe 
lines of which 1624 miles are com- 
posed of either reconditioned and .re- 
laid crude oil lines or lines converted 
in place from crude oil service to re- 
fined products service. 

Having gone through the numerous 
“headaches” and problems incident 
to the use of crude oil lines for prod- 
ucts service it has been requested that 
this paper be prepared to give the 
products pipe line industry some of 
the highlights of Sinclair’s experience. 


Historical 


A brief summary of the projects 
built by Sinclair will show in chron- 
ological order the magnitude of con- 
verted lines now in products service. 

Sinclair began its products pipe 
line system with the construction of 
454 miles of 8-in. and 6-in. pipe from 
its Marcus Hook, Pennsylvania, re- 
finery. The termini of these lines are 
Baltimore, Washington, D. C., and 
Steubenville, Ohio. These lines were 
constructed with new pipe. 

During the past war an 8-in. line 
was laid at the request of the Petro- 
leum Administration for War from 
Chicago to Toledo, a distance of 232 
miles to supplement tanker movement 
on the Great Lakes, which movements 
necesarily are seasonal. This line was 
constructed in 1943-1944 with pipe 
taken up from Sinclair crude oil serv- 
ice from various points in the Mid- 
Continent area, wherever 8-in. pipe 
was available. 

Shortly after the war in 1946, an 
8-in. line was constructed from 
Corpus Christi to Austin, Texas, via 
Victoria and Luling, Texas, with a 
new 6-in. branch line to San Antonio. 
The pipe for this 8-in. line was re- 
claimed and reconditioned from the 
rice fields of South Texas, as well as 
other points in the Mid-Continent 
area, 

_Following the construction of the 
line from Corpus Christi a line was 
Projected from Houston to Kansas 


*Presented before American Petroleum Insti- 
— Products Pipe Line Technology Confer- 
the’; Atlanta, Georgia, May 21-23, 1951, under 

e full title ‘Converting a Pipe Line from 

rude Oil Service to Refined Products Service.” 


c nverting Crude Lines’ 


: What are the relative merits of reclaiming an old line and 
‘constructing one of new steel? Here is what one company did 


EARL W. UNRUH 





The Author 


Earl W. Unruh, chief engineer of 
Sinclair Pipe Line Company, joined the 
Sinclair organization in 1938 serving 
for three years as gas engineer in the 
Tulsa office. In 1941 when the Sinclair 
Products Pipe Line organization was 
formed, he was transferred to Harris- 
burg, Pennsylvania to assist in the en- 
gineering and design of Sinclair's first 
products pipe line. After the completion 
of this line, he served in the capacity of 
chief dispatcher for a year until addi- 
tional products projects were proposed 
at which time he was made chief engi- 
neer of the products pipe line depart- 
ment of Sinclair Refining Company. In 
1948, shortly after the headquarters of 
the products pipe line department was 
moved to Independence, Kansas, he be- 
came chief engineer of both the crude 
oil pipe line department and the prod- 
ucts pipe line department. On January 
1, 1951, these two departments were 
merged to become Sinclair Pipe Line 
Company. 

Unruh received his early education in 
the Halstead, Kansas, public schools. 
He received his A.B. degree with a 
chemistry major from Bethel College in 
Newton, Kansas. Upon graduation from 
Bethel College, he entered Tulsa Univer- 
sity and received his chemical engineer- 
ing degree in 1939. 
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City. The first section of this line from 
Houston to Arlington (Fort Worth- 
Dallas area), Texas, was constructed 
of new 10-in. pipe. The section from 
Arlington to Shawnee, Oklahoma, a 
distance of 180 miles, was laid using 
reclaimed 8-in. pipe that had been in 
crude oil service in the Mid-Continent 
area. 

From Shawnee to Kansas City exist- 
ing sections of 8-in. pipe were isolated 
and converted to products use in 
place. This section of the line is 346 
miles in length. 

In 1949, existing sections of line 
selected from the newest of the mul- 
tiple-line crude oil system were iso- 
lated from Chicago to Kansas City. 
This portion of the system was con- 
verted to products use in place using 
water pressure to blow out pits and 
weak sections. This was the extent of 
reconditioning work on the portion 
of the system converted in place. 

Shortly after these sections were 
placed in operation, sections of line 










were isolated and converted in place 
from the Wood River area into Car- 
rollton, Missouri, where the line joins 
with the Chicago-Kansas City section. 
Upon the acquisition of the Wood 
River Oil and Refining Company 
properties by Sinclair in 1950 this 
line was placed in products service 
from Wood River to Carrollton with 
products being fed into the Kansas 
City area or the Chicago area as re- 
quirements dictate. ; 

The lines described represent a 
total of 1624 miles of products pipe 
lines either converted from crude 
service in place or reclaimed, recon- 
ditioned, and relaid for products use. 
From the experience gained in these 
ventures, the autnor wishes to present 
some of the physical problems in- 
volved as well as an analysis of the 
economics of this type of construc- 
tion, with the hope that the material 
presented may be of some assistance 
to others who are contemplating simi- 
lar conversion projects. 


Take-up and Relay 

The Necessity of Running 
Scrapers. The primary considera- 
tion in converting a line from crude 
to products use is to clean the resid- 
ual black waxy deposits out of the 
line as quickly as possible, The first 
procedure is to run a number of 
scrapers in the crude stream before 
taking the line out of service. The 
purpose of this maneuver is obviously 
to get as much of this deposit into 
suspension or solution as possible re- 
lieving the following products from 
excessive contamination and discol- 
oration. If the crude line is an old 
screw-joint line, there will be a con- 
siderable amount of paraffin and 
“B.S.” that has settled out in the voids 
in the screw joints. Scrapers help to 
loosen. this paraffin and carry it in 
suspension into the nearest tank farm 
or refinery. 

If a high gravity, sour crude oil is 
available, large tenders of this oil will 
assist in removing the solidified waxy 
deposits. It is of prime importance to 
get as much of the solidified crude oil 
products out of the line as possible 
prior to conversion particularly if the 
line is to be taken up and relayed. 


D-S 


... for temperature measurement and control 





The famous ElectroniK family of potentiometers—Circular Scale, Circular Chart, Strip 
Chart and Precision Indicator—are without parallel for sensitivity, accuracy, fast response 
and dependability in indicating, recording or controlling temperatures. e Brown Ther- 
mometers . . . with their thermal systems of mercury, gas or vapor—variety of bulbs and 
wells— wide temperature ranges—availability of electric and pneumatic control forms . . . y 
have many years of unqualified acceptance throughout ihdustry. e New additions to 
the Brown line include the Strip Chart ElectroniK Potentiometer with Air-O-Line Control] 















and Protect-O-Vane millivoltmeter controller for excess temperature safety cut-off. “ 
... for flow and liquid level measurement and control ‘_ 
\ 
Brown offers a complete line of electric and mechanical meters for flow and liquid level \ 
measurement and control. ¢ The new Brown Differential Converter (pneumatic-balance \ 
flow transmitter) features easy field calibration, wide rangeability —is easy to clean, easy 
to install. e The new Brown Electric Flow Meter, incorporating Electronic Integration, 
eliminates intermittent measurement and slow complicated totalizing. e The new Dis- 
placement Type Liquid Level Transmitter, when used with pneumatic receiver-controller, 
gives smooth and accurate control of liquid level. | ts 
rset al 
' — throv 
... for pressure measurement and control he ts 
subse 
Brown Pressure and Vacuum Gauges are available as indicators, recorders, D 
and controllers for applications: covering extremely wide ranges—as oil li 
evidenced by the variety of measuring elements. The interchangeability Zw 
of components and the easy accessibility of parts add up to simplified opera- joe 
tion and maintenance for any application. These instruments are also avail- atic 
able with 2 pens for simultaneous recording of a related variable. to tal 
fect 
a mil 
to di 
: ‘ . must 
AND FOR a host of other important variables, Brown offers instruments i 
for recording and controlling pH, conductivity, density, humidity, specific ia 
i gravity, chemical composition, viscosity, etc. For many of these variables, S 
the ElectroniK Potentiometer can be adapted in a great variety of forms. din 
Special sensing elements include utilization of the Beckman pH Amplifier dies 
| with an extensive line of pH electrodes and conductivity cells. ae 
; COLOR GRAFIC PANELS—These dramatically illustrate, in panorama line. 
style, all symbols and flow lines of your process. Different colors are used able 
l to indicate such flows as high pressure condensate, reactor charge and catio 
. gasoline, product gas, air, catalyst and others. Process is pictured clearly, scraj 
DO YOU RECEIVE INSTRUMENTATION? simply . . . is easily understood even by a trainee with little or no previous inser 
Published quarterly by Honeywell’s In- knowledge of process being controlled. a 
; — cs . . l 
Sucirieh Diviston tn the Cabanas: af Getter MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4475 yo 
measurement and control of industrial Ww A Philedelnhia 44. P shou 
processes. Copies will be sent to you ayne Ave., adelphia » £a. avail 
regularly upon request . . . write on your . : mixt 
! ompany letterhead. MINNEAPOLIS can | 
Honeywell ~ 
must 


i Write for Catalogs. of y 


| Brow Qustmedts- *p 
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SINCLAIR PRODUCTS PIPE LINE SYSTEM 


Water displacement will invariably 
set and harden the waxy components 
throwing the burden of cleaning upon 
the initial tender of solvent and upon 
subsequent tenders of products. 


Displacing the Oil. If the crude 
oil line to be converted is an integral 
part of a multiple line system, a con- 
siderable amount of work must be 
done at each gate plant and pumping 
station to isolate the line preparatory 
to take-up and reconditioning. To ef- 
fect this isolation and removal with 
a minimum of hazards, it is necessary 
to displace the oil with water. This 
must of course be done under any cir- 
cumstances to recover the “line fill” 
of oil. 


Suitable points must be selected 
where water is readily available from 
rivers and a connection must be made 
available for pumping water into the 
line. Large volume, high head port- 
able pumps must be set at these lo- 
cations. Where - possible, several 
scrapers or “Squeegee Pigs” should be 
inserted in the first part of the water 
stream to insure as complete displace- 
ment of the oil as possible. The oil 
should be displaced into the nearest 
available tank where the  oil-water 
mixture can separate and the water 
can be drawn off and disposed of. It 
is needless to say that this operation 
must be carried out during the time 
of year when all danger of freezing 
18 past. 


Dis},osal of Contaminated 


Water. The problem of disposal of 
the water at the time of take-up of the 
line is serious particularly in culti- 
vated areas. Compressed air to dis- 
place the water is extremely danger- 
ous because there is usually enough 
oil remaining in the line to form ex- 
plosive vapor-air mixtures, The water 
will carry a film of oil. A thorough 
knowledge of the profile of line is nec- 
essary. The line must be cut or parted 
at the low points where water drain- 
age can run off without damaging 
the land or contaminating streams or 
water reservoirs. The line must also 
be tapped at the high points in the 
line to allow air to enter the line. 





Take-up and Reconditioning 
Operations. Preparing to remove the 
line for reconditioning involves the 
usual stripping of the cover either by 
a ditching machine, back-hoe, or root- 
er. If the line is a screw-joint line, the 
collars must be cut with a torch. The 
pipe may be pulled up with a side- 
boom tractor after the earth covering 
has been stripped away. Care must 
be exercised to avoid as much unnec- 
essary bending of the pipe as pos- 
sible, as straightening operations are 
costly and time consuming. 

The pipe must be loaded and 
hauled to a central cleaning and re- 
conditioning yard situated at a rail- 
road spur if pipe is to be shipped 
long distances. At this point the.pipe 
is straightened if necessary and run 
through a cleaning machine. A most 
satisfactory machine for yard clean- 
ing has been developed by Sinclair. 
A picture of the machine in operation 
is shown. After cleaning operations, 
the pipe must be inspected and graded 
being marked for pit-welding opera- 
tions. 

At the time of pit-welding, the ends 
that were threaded are cut off and in 
the same operation the pipe is beveled 
for welding. The length of the screw- 
joint pipe is ordinarily 20 ft per joint. 
In order to handle the pipe economi- 
cally for shipment and relaying, it is 
double-jointed by welding in the re- 
conditioning yard. After final inspec- 
tion, the pipe is loaded for trans- 
shipment to the location of the pro- 
posed products pipe line. Sinclair’s 
experience on take-up and recondi- 
tioning shows that approximately 85 
to 90 per cent of the pipe can be sal- 
vaged for re-laying. 

Economics of Reclaiming and 
Reconditioning Pipe vs. New 
Pipe. During recent times numerous 
considerations other than pure eco- 
nomics have entered into the decisions 
to use reclaimed lines, During the 
last war, as well as in the present 


View showing strainers necessary for removal of mil] scale when 
line is initially placed in operation, 
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state of emergency, the problem of 
the availability of steel especially in 
smaller sizes or pipe is a serious con- 
sideration. The tabulation given in 
Tables 1 and 2 is a comparison of the 
costs of construction and of opera- 


tion of a new line versus a reclaimed . 


line. 

It should also be pointed out that 
it is difficult to obtain the same hy- 
draulic line efficiency with reclaimed 
pipe that is possible with new pipe 
particularly if there has been some in- 
ternal corrosion while in crude oil 
service. 

It should also be noted from the 
foregoing estimate of operating costs 
that the limiting maximum allowable 
operating pressure of 800 psi in- 
creases installation costs as well as op- 
erating costs considerably. 

It will be noted in the tabulation 
that the actual construction figures 
available cover the costs of construc- 
tion during 1947 and 1948 as shown 
in the first column. In the second col- 
umn are reflected costs estimated for 
new line construction. At the bottom 
of the tabulation is an estimated price 
increase index for 1951 as compared 
to 1947, to bring the comparison up 
to date. 


Converting in Place 


Preparation. As in the case of a 
line being prepared for take-up, the 
conversion of a line from crude to pe- 
troleum products in place requires 
the displacement of the oil by water. 
The same general preparations de- 
scribed in preparing for take-up of a 
line are necessary when converting in 
place. After having run the necessary 
scrapers and having displaced the 
crude oil, it is then necessary to iso- 
late the line by cutting it out of exist- 
ing manifolds and crude pump sta- 
tions. The lines should be pressure 
tested with water after alterations and 
changes have been completed. 

It was found impractical to attempt 
to carry this test above 900 psi, as 
most of the reclaimed pipe utilized 
was taken from lines laid prior to 
1926. Most of the pipe laid at this 
time was lapweld pipe. After reaching 
a pressure of 900 psi, fatigue stresses 
in the old lapweld seams were appar- 
ent. It was found that the pipe would 
not hold this pressure for any length 
of time. On the line that was con- 
structed between Chicago and Toledo, 
it was impossible to get the line to 
hold above 850 psi. When this line 
was placed into operation, a maxi- 
mum operating pressure of 800 psi 
was established. Automatic controls 
and safety devices were set to control 
at 800 psi and shut the pump stations 
down if the pressure exceeded 820 psi. 
This line has been operating satistac- 
torily on this basis for approximately 
7 years, 
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TABLE 1. Actual cost of reclaiming and relaying pipe versus estimated 


cost of new line. 





(Estimate based on 8 in. line) 1947 Prices 


ASSUMPTIONS 


Mee cna niacavtuaadcg eons ecneaceasascienes 


Throughput capacity daily, gasoline 


CONSTRUCTION COSTS 
1. Disp i 


: o 
. Take up, haul to yard, and clean (per foot of pipe recovered) 


. Pit weld and double joint 
. Damages (old line) 
. Inspection and loading 
Rights-of-way and damage 
. Pipe (book value of old line) 
. Casing, vents, and markers 
. Freight , 
. Installation cost (line pipe) 
. Protective coating 
. Cathodic protection 
. Tank lines and manifolds 
. Pumping stations 
Tanks 


. Communication system 
. Vehicles and work equipment 
19; Supervision and engineering 


Total estimated cost 
Estimated cost per mile 
Estimated cost per foot 
Estimated cost, 1951 prices 


30,000 BPD 
5 @ 1,280 psi 
0.259 in. 


2 


sBeaezeu 
333333333355 


tae nw 
s2zSe2 


peeBSs 
3333338 


8 
3 


$6,645,000 
$ 17,700 
g 3.35 
$8,000,000 








TABLE 2. Comparison of operating costs reclaimed pipe vs. new line. 





(Estimate based on 8 in. line 375 miles in length) 


Maintenance 


Corrosion , 
Vehicles and other work equipment 
Supplies..........+ 
General administrative expense 
Interest at 154% average 
Miscellaneous taxes at 144% 
Total operating cost per year 
Depreciation at 5% 
Total operating cost including depreciation 
Transportation tax 


Total operating cost including depreciation and transportation tax.... 


Cost per barrel—mile 
Before depreciation. , 
Including depreciation and transportation tax 


New line 
5 

30,000 

10,950,000 


Reclaimed pipe 


$1,371,000 
200,000 
$1,571,000 


$0.000237 
$0.000383 








Hydraulic Consideration. In 
contemplating the use of reclaimed 
pipe for a products line, it is ex- 
tremely important to consider the 
route to be traversed. In an area 
where mountainous terrain is encoun- 
tered it would be folly to consider the 
use of reclaimed lapweld pipe where 
great static elevation differences exist 
or where dangerous surges occur. It 
ig an economic necessity to operate a 
reclaimed line with a very narrow 
margin of safety factor in order to 
maintain the highest throughput vol- 
ume possible. 


Present day trends dictate fewer 
pumping stations, higher pressures, 
and more automatic equipment; there- 
fore, it is vital to get an accurate pro- 
file and the best hydraulic balance 
possible in the location of pumping 
stations. Only in this manner can a 
reclaimed line economically approach 
= operations possible with a new 
ine. 


Limitations. (a) Corrosion prob- 
lems in converting a line in place to 
products service: 

In all probability the line to be 
converted will be an old line, uncoated 
and subject to galvanic and stray cur- 
tent corrosion. To protect a bare line 
in place from corrosion is a tremend- 
ous undertaking. It is infinitely more 
of a problem if the converted line is 
one of many bare parallel lines. To 
cut down on rapidly pyramiding costs 
due to corrosion leaks, Sinclair with- 
in thé last few years has undertaken 
a stop-gap measure of installing sac- 
rificial anodes on a major portion of 
its extensive crude oil trunk system. 
This system as shown on the accom- 
panying map consists of many bare 
parallel lines, one of which has been 
converted to products service from 
Shawnee, Oklahoma, to Chicago. The 
company has maintained accurate 
leak records for at least the last 15 
years, which readily indicate “hot 


THE PETROLEUM ENGINEER, Reference Annucl, 195] 











spot” areas. It is from these records 
and information derived therefrom 
that locations were selected for anode 
installations through known corrosive 
areas. Anodes were placed at a fre- 
quency of one anode per line every 
50 ft through corrosive areas. This 
stop-gap program should be com- 
pleted this year. Anode life of from 
six to ten years has been estimated 
from spot checks of soil resistivity on 
the installations completed. It was 
necessary to speed this installation be- 
cause corrosion costs had reached the 
appalling figure of $1,500,000 per 
year. This estimated cost is based on 
a total of over 3000 leaks in the year 
1949, or more than 8 leaks per day, 
costing approximately $500 per leak. 
It is hoped this tremendous cost can 
be cut very substantially showing a 
quick return on the investment of the 
anodes installed. In order to return 
the investment in anodes, a reduction 
of only 500 leaks per year for a pe- 
riod of two years is required to pay 
for the cost of the anodes installed on 
arush basis. During the year of 1950 
in which a large percentage of the 
anodes were installed, a substantial 
reduction of 400 leaks was affected. 
The results should be even more en- 
couraging in successive years for the 
estimated life of the anodes. 


Piping with large strainers removed 
and replaced by Sinclair horizontal 
strainer doubling as a scraper trap. 


Scraper trap 
strainer with internal 
basket removed. 


Ye: 
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Cut-away view showing Sinclair scraper trap strainer. 


(b) Collars and collar leaks: 

Old screw joint lines when placed 
in products service can be expected 
to develop collar leaks. Collars that 
long ago leaked small amounts of 
crude oil, but which were sealed off 
due to wax deposits, undoubtedly will 
again start leaking because of the 
solvent action of the gasoline, kero- 
sine, and other products transported. 
Product losses may not be excessive 
through these leaks but the mainte- 
nance and repair problem is gigantic. 
The collars must be caulked as well 
as possible and then must be welded 
on both sides. It will be difficult to ob- 
tain a satisfactory weld without pin 
holes due to the gases formed by seep- 
ing products. 

(c) Specifications in cleaning the 


horizontal scraper trap-strainer. 


interior of a crude line: 

1. Scrapers, water, and solvents. 

After running quantities of scrapers 
in the crude oil and displacing the 
crude oil with water, the problem still 
remains of removing the adhering 
wax, “B.S.” and other deposits col- 
lected during the years the line was 
in crude oil service. 

It has been Sinclair’s practice to 
displace the water with a tender of 
approximately 25,000 bbl of kero- 
sine. Kerosine has been found to be 
an excellent solvent for the deposits 
remaining in the line, The contami- 
nated kerosine can be re-run in the 
nearest refinery at a nominal cost. The 
Sinclair products pipe line system is 
integrated with its refineries, which 
enables the movement of the contami- 












Another view showing installation of Sinclair 





nated first tender of products to the 
nearest refinery. Following the initial 
tender of solvent, only those products 
that cannot be seriously damaged by 
an increase in gum content or off 
color specifications should be~ han- 
died. At least 100,000 bbl of No. 2 or 
No. 3 fuel oil should be handled after 
the initial kerosine tender before at- 
tempting to run any gasoline. 


2. Problems of color. 


It has been found that water white 
kerosine, which must meet stringent 
color specifications, cannot be han- 
dled without loss of several points on 
the color range until at least 2,000,- 
000 bbl of products have passed 
through the line. Very closé records 
of color loss and quantities of prod- 
ucts handled were kept in an attempt 
to determine when it would be safe 
to ship high grade water white kero- 
sine. It was found in running these 
tests and analyzing samples that not 
only was the residue of hydrocarbons 
to be blamed for the color damage 
but also very fine rust and mill scale, 
which had been formed in crude op- 
eration, was responsible for a large 
amount of the color damage. After 
the film of wax had been dissolved 
and mill scale and existing rust had 
been removed, it was quite apparent 
that the addition of Sinclair RD 119 
internal corrosion inhibitor assisted 
materially in clearing up any further 
internal corrosion of the line. 


3. Mill scale removal and strainer 
design. 

After a period of operation during 
which the wax film was removed, the 
original mill scale and some apparent 
corrosion products that had been 
formed during the early part of the 
crude operation were collected in 
strainers at each pumping station. In 
fact, for a period of a few months, 
the problem of scale removal was so 
serious that scrapers became stuck be- 
hind masses of mill scale and corro- 
sion products in the line. This condi- 
tion cleared up in a matter of two or 
three months after products opera- 
tions began. Sinclair’s inhibitor RD 
119 has effectively eliminated further 
internal corrosion problems to the ex- 
tent that elaborate strainers placed in 
the pump stations to catch this mill 
scale could be removed and salvaged 
for future installations. 

The inhibitor is effective not only 
throughout the pipe line system but 
protects consumers equipment as well. 

A new type of strainer was devel- 
oped that takes care of small quanti- 
ties of scale that continued to break 
loose from the interior surface of the 
pipe in diminishing quantities. A cut- 
away view of this strainer is shown. 
This type of strainer has enabled Sin- 
clair to eliminate a large quantity of 
valves previously required and has 
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streamlined the appearance of the 





piping layout. Pictures of the pump 
station piping before and after the 
removal of these strainers illustrate 
the point. The new type strainer is 
placed in the scraper trap, which can 
be opened by means of a unibolt cou- 
pling, and the strainer can be removed 
and replaced in a matter of a few 
minutes, The strainer has been de- 
signed so that in the event a scraper 
is being run it can pass into the in- 
side of the strainer Sadat with ease 
and can be removed with the scraper 
basket. 

(d) Economics of converting a 
line in place: 

The tabulation given in Tables 3 
and 4 shows the economics of con- 
verting a crude line to products serv- 
ice in place without removal for re- 
conditioning. The only reconditioning 
that must be performed is in repair 
of leaks that occur during water pres- 
sure tests. It was extremely fortunate 
that in a number of cases Sinclair had 
existing crude lines traversing a route 
along which a products line was pro- 
posed. By converting the line in place, 





it will be seen from the tabulation that 
the tremendous cost of take-uj: and 
reconditioning as well as relayixig of 
a line was eliminated. The transfer 
in this case was merely a book ‘rans. 
action with incidental costs in addi. 
tion to pump station costs. 


Present Day Trends 


Large crude lines. (a) Release 
of smaller lines for products use: 

Present day trends in the construe. 
tion of crude oil pipe lines ha- been 
toward larger diameter crude oii lines, 
which can be economically operated 
effecting a great saving in transporta- 
tion costs. In the construction o/ these 
large diameter lines there is the gen- 
eral trend to abandon or reclaim pre- 
viously constructed smaller lines. Due 
to the shortage of steel, numerous 
companies will be faced with the ne- 
cessity of utilizing the smaller crude 
lines from 6 in. to 12 in. in size for 
refined products use either by re- 
claiming the pipe or by converting 
the line in place. Although the trend 
in products operation is always mov- 
ing toward higher pressures and more 








TABLE 3. Actual cost of reconditioning old pipe line vs estimated cost of new line. 





(Estimate based on 8 in. line) 1947 prices 


Assumptions Reconditioned line New line 
MEN oso A icine acca casibecsih sa Bseaes 375 miles 375 miles 
Throughput capacity—daily—(gasoline)...................-0.005 30,000 BPD 30,000 BPD 
oho asd. alas) 5: dpelosis' ai nce ae dcie a weseieioiae awe oie adie tne 8 at 800 psi 5 at 1280 psi 
I aca. o's Sachse) = a-dia'-a baal mratbrecomaoine-a)p alsiomaiels 0.322 in. 0.250 in. 

Construction costs 

1. Cost of displacing oil, pressure testing, replacing or repairing defective pipe $ 337,000 _ Sen 
are at ae ES re 
3. Rights-of-way and damage (new line)................... We 600,000 
4. Pipe (book value of old line)... .............. cece eee ee 260,000 1,980,000 
ee IE OMI co a.5 105 6.5.0.acac ns a smdusioseesiecieecscsdewe ae } 80,000 
RI oh dcp sin aiasa bain.oeie-cs..616:0/6.5.8 ye eed conte vee 450,000 
aU OME MN SUNNY 556d arg ss 0:die.0 nsn.elelt o.eieissaldiese o:0'3.4,4)0 a:0%s.er8s 1,750,000 
8 ooo ca cnccdedeaweenanCtisdaeebieteekueasen saeuemee 360,000 
9. Cathodic protection. .... Be te alee Oe RE Oe CARE TN! 750,000 30,000 
10. Tank lines and manifolds.............. i CPelehtia a a oa jebrmae ie Reais 50,000 50,000 
I i is os oan a hG.5 vce toe eb midtaa <iekned ose 960,000 600,000 
Ns 5 hGsed. 6 dss o Kio aja Sie REO RS ONO REAM OES Sse ss 250,000 250,000 
I tN 20s | a 2, 2g CPE alo ac cmasei< alkce 37,000 25,000 
14. Communication system........ (6 SIRE CRS ia ote awk awe aabees 250,000 250,000 
i, ee I I NITTIING  ooooiss sick ain cok ee cece ceisiews ened cis 40,000 20,000 
TU: SMOMIN OI CRMIOOPIDE S555. 5c aoc alc cons ensacaadsoeccssses 200,000 200,000 
a ery osx his de Sei aek xe eo eurd BEa Acasa $3,214,000 $6,645,000 
PORN COME DME ANNES 5 2550.5 ss.55.0 50a ces Rute eackicnincnjessciuaes $ 8,560 $ 17,700 
MIAME 88602 ohne co Nu. a hadiante nico va kbae $ 1.63 $ 3.35 
RINNE ONG TUBE TRIOIN Sooo ook av ciedicccinheassadesamsicicdasoenss $3,800,000 $8,000,000 

















TABLE 4, Comparison of operating costs reconditioned pipe line vs new line. 





(Estimate based on 8 in. line 375 miles in length) 


NNN oo, sardine omic eu me eeeaemabie 
Ne RIOR NE CID so o.6.0 0s cc caciciens sasanvensnebnces 
NNN a ohne) << mas anienerameaenasniond 


Estimated operating costs per year 


ME cars ciccs Sco 2 sab Ra's Sead sna sa ne cohemiegaale 
RRND i cious ab Kinase 0.5 bare vias adie 0.a19 410 tia'ple ese alew's 
Vehicles and other work equipment..................... 
ee aS Pee ECR re Tee tae 
General administrative expense.....................005 
PRMDNORU BU 17070 BVOURGE. .. .o5sy eo cciecsweratenccsacedes 
III oa. css. scvcench too skasasosaiesssauns 

Total operating cost per year... .........cce..s sees 
igo. c.n4 Pavan atau adncn Sibi micnias 

Total operating cost including depreciation. ......... 
PIN 505 Sica acinv oe acccdbannckeenvonap 

Total operating cost including depreciation and transportation tax... . 


Cost per barrel—mile 


POUIEOONNINOD sink eR siaclg en siranasnine’s> sence 
Including depreciation and transportation tax........ 


Reconditioned line New line 

boa eivtbankbins 8 5 
PR Nats 30,000 30,000 
sadeitecc eats 10,950,000 10,950,000 
Wee cree $ 443,000 313,000 
Fe gare te 314,000 304.000 
poe nake ng 100,000 33,000 
eR NINE: 37,000 3,000 
A IEE 8 16,000 8,000 
TLE ee 24,000 15,000 
Sees ,000 45,000 
OY 62,000 130,000 
kets bel Cas 117,000 120,000 
Seahieaedtions $1,168,000 $ 971,000 
Renee amaees 190,000 400,000 
eee ae $1,358,000 $1,371,000 
Saad center 200,000 200,000 
$1,558,000 $1,571,000 
tele oe $0.000285 $0.000237 
Ese Sratcie torn Sake $0.000380 $0.000283 


ee 
—$—<————— 
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cooperative ventures, most companies 
will be faced as Sinclair has been dur- 
ing and immediately following the 
last war with the decision either to 
defer their plans until steel for new 
high pressure lines can be made avail- 
able or plunge into a program of 
products pipe line construction with 
reclaimed pipe. The tabulation in 
Table 5 is an attempt to theorize on 
the economics of building a pipe line 
immediately from available reclaimed 
steel or waiting a period of several 
years until new pipe can be made 
available. The time gained in moving 
into a new marketing area, becoming 
firmly entrenched, and enjoying 
freight savings must be carefully 
weighed in comparison to absorbing 
high transportation costs and waiting 
until new steel is available, 

Steel efficiency new pipe vs old 
pipe. The tabulation in Table 6 is an 
attempt to evaluate the total steel ef- 
ficiency of a reclaimed or converted 
pipe line as compared with one con- 
structed with new high tensile steel. 
It will be seen from this tabulation 
that new high tensile steels either elec- 
tric weld or seamless will allow a 
trend toward lighter weight pipe pro- 
vided it is adequately protected with 
a cathodic protection program. 


Summary 


From the foregoing record of Sin- 
clair’s experience in converting and 
reclaiming crude oil lines for prod- 
ucts service, it can be seen that a 
number of problems are involved. The 
major consideration is of course the 
economics of the venture. The re- 
claimed and converted lines will not 
allow high pressure operations, there- 
fore, require a greater number of 
pump stations with the accompanying 
high investments, greater power costs, 
and a greater requirement for man 
power. The problem of cleaning out 
deposits remaining in crude lines is 
serious. It is necessary to transport 
large volumes of refined products be- 
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TABLE 5. Savings to be effected by building reclaimed line or converting vs 


waiting for new steel. 








New line Reclaimed line Converted line 

NR NN ois sc cdcsienwacasawseawaenne $8,000,000/yr. $7,800,000/yr. $3,800,000/yr. 

Out-of-pocket operating costs..............-.see0e0-- $ 971,000 $1,073,000 $1,168,000 
Estimated freight savings 

Rail or truck movement...............sscececeececs es os caeotsenabenetoucessennkabaed $1.00/bbl 

ae See es DE ALKUuk koh snaiietseecknesbtaxe ce aasanare 7.5¢/bbl 

MI sinc. Sinaduatedos iioaaseateabealecs atak GR Ce RREAREAG RSET oEcd sunken sesau texas tuakid 62.5¢/bbl 

Savings 

Volume, BPD Per day Per month Per year 
RN 6 as nisl sing nl Dae da eed Sibk agains aoe $18,750 $562,500 $6,750,000 
aap ita subacute sscca capeud Uke bens eens J 375,000 4,500,000 
ee ear eS eee 9,375 281,250 3,375,000 


In ten years the difference in operating costs would amount to $1,000,000 between the new line and the reclaimed line. 
The difference between the new line and the line converted in place would be approximately $2,000,000. Assuming the time 
gained in not waiting for new steel to be two years, the savings in freight as shown in the above tabulation will completely 
offset the higher operating costs of a 10 year period in approximately two months and four months, respectively, on the reclaimed 
and converted lines based on a maximum capacity of 30,000 barrels per day. 








TABLE 6. Steel efficiency of new vs old pipe. 





Grade X-42 line pipe 


; Wall Tons Min. yield Ultimate bursting 

Size line, in. thickness, in. per mile strength, psi strength, psi Safety factor* 
re WON ID od ss awdedies aac 0.322 75.37 850 850 1.06 at 800 psi 
., ea rrr 0.250 59.03 2435 3479 1.90 at 1280 psi 
ree 0.188 44.62 1831 2616 1.43 at 1280 psi 


* Safety factor based on minimum yield strength: 


In cold rolling operations such as used on electric weld pipe, it can be safely assumed that X-42 plate gains tensile strength 
both in transverse and longitudinal section. It is reasonable to assume then that X-42 plate becomes X-46 minimum pipe 
through cold working of the steel. Based on this assumption the new safety factors would be as follows: 


Grade X-46 pipe 
Safety factor 
o_O eer 0.250 in. wall 2.075 at 1280 psi 
7 en 0.188 in. wall 1.56 at 1280 psi 


Saving in tons for 375-mile line (0.250 in. wall)= 6,127 tons=$ 765,875 
Saving in tons for 375-mile line (0.188 in. wall) =11,531 tons=$1,441,375 








fore the last traces of this contamina- 
tion have disappeared. The problem 
of maintaining specifications of prod- 
ucts under these conditions is difficult 
and management must be cognizant 
of this problem. 

In reviewing operations, greater 
maintenance and repair costs will be 
found on converted products pipe 
lines. The future policy of most major 
companies in considering the use of 
larger crude oil lines will be in- 
fluenced by the fact that they will re- 
lease smaller lines, which in turn can 
be reconditioned for use in products 
service. The economy of operation is 


necessarily in favor of new steel and 
high pressure operation; however, 
companies faced with large quantities 
of reclaimed pipe must weigh the cost 
of abandoning these lines against 
their use in products service com- 
pared to the purchase of new steel. 
The effect of the present emergency, 
should it become aggravated, will no 
doubt have a great bearing on the fu- 
ture consideration by all companies 
of the utilization of old crude lines 
for refined products use. 


Recommendations 


Concerning lapweld screw joint 
lines. It is Sinclair’s recommenda- 
tion that if it is necessary to use a line 
‘that was constructed in the era of 
screw joint construction, that great 
care be exercised in welding the col- 
lars of such a line and that operating 
pressures be held substantially below 
water test pressures. 

Cae ary ‘ Concerning welded I‘nes. If the 
. bt a 8 ° re 
line to be converted is of welded con- 


irre ete... 


: struction, the problems will be in- 

mae finitely fewer than those encountered 

itis with a screw joint line. The cleaning 

operations will be much easier. There 

will be far fewer voids that have been 

filled with waxey hydrocarbon com- 

ponents. If such a line is available 

for conversion to products use, there 
should be no hesitation in convertin 


g 
Sinclair yard cleaning machine. it. kk * 
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The extremely high peripheral speeds encoun- 
tered in speed increasing and high-speed reduc- 
ing applications present difficult problems in 
design and construction. These can be answered 
only by the kind of specialized engineering skill, 
manufacturing facilities and experience found 
at the Buffalo plant of Farrel-Birmingham. 


SPEED INCREASING UNITS—Farrel Type SI units were 
the first speed increasers to be developed in a stand- 
ard series for pipe line pumping service. That was 
eighteen years ago, and all of the original units, as 
well as those installed since, are still in operation. 


The modern SI line consists of 49 standard sizes STANDARD SI UNIT 


with speed ratios ranging from 1:1 to 12:1. For 
higher ratios, units using two sets of gears are sup- 
plied with ratio range from 12:1 to 40:1. Two- 
pinion units, designed to transmit power from a 
single engine to two pumps, are also available. 


SEMI-HIGH SPEED UNITS — When requirements fall 2 = ‘ 

between the range of Type SI units and standard a TW nC At DOURLE STEP-UP UNIT 
commercial speed reducers, Farrel semi-high speed ' 

units are recommended. These units are designed 

for pinion speeds up to 3600 RPM and gear pitch 

line velocities up to 4000 FPM. 


Farrel engineers will be glad to help you select 
the right gear unit for your high-speed applica- 
tion. Write for further information about any of 
the types mentioned. TWO PINION UNIT 


FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONN. 
Plants: Ansonia and Derby, Conn., Buffalo, N. Y. Sales Offices: 
Ansonia, Buffalo, New York, Boston, Pittsburgh, Akron, Cleve- 
land, Cincinnati, Detroit, Chicago, Los Angeles, New Orleans 


OIL FIELD REPRESENTATIVES: 
Hercules-Lupfer Engine Sales Co., 124 N. Boston St., Tulsa 1, Okla. ; 
V. W. Osborne, 822-A M & M Building, Houston 2, Texas se — HI SPEED UNIT 


MARKETED PRODUCTION OF LPG IN THOUSANDS OF B/D 


THE PETROLEUM ENGINEER, Reference Annual, 1951 




































LiqueFieD petroleum gas, i.e. butane 
and propane, might well. be termed 
the orphan of the pipe line industry. 
Until quite recent years, these impor- 
tant products were not considered as 
separate and distinct commodities for 
transportation by either the crude oil 
or products pipe line industry. 

Propane and butane are frequently 
handled through pipe lines by blend- 
ing small percentages with crude oil 
or natural gasolines. Butane of course 
is often moved by blending into mo- 
tor fuel or motor fuel components. In 
this paper we desire to outline the 
handling of butane and propane as 
finished products where attempts are 
made to preserve their original spe- 
cification while moving from point of 
manufacture to final destination. 

Butane and propane are unique 
products to the pipe line industry for 
several reasons. 

1. Unlike gasoline or distillates, 
they require moderate pressure to 





7Presented before the American Petroleum 
Institute, Products Pipe Line Technology Con- 
ference, Atlanta, Georgia, May 21-23, 1951, 
under the full title, “Pipe Line Transporta- 
tion, Storage, and Shipment of Liquefied Pe- 
troleum Gas.”’ 

*Products pipe line department, Phillips Pe- 
troleum Company. 


PIPE LINE MOVEMENT OF LPG 


Increasingly larger volumes of LPG will be moved through pipe 
lines in future — What are the techniques and problems involved? 


D. A. ROACH* 


liquefy. At 100 F, propane has a vapor 
pressure of approximately 190 psi. At 
the same temperature, N-butane has 
a vapor pressure of approximately 
55 psi. 

2. Both products require expensive 
pressure storage, which is usually con- 
structed in multiple, small capacity, 
units, 


3. Both products are of low spe- 
cific gravity. Propane has a specific 
gravity of about 0.51 and n-butane a 
specific gravity of 0.58. 

4. Both products are highly com- 
pressible. At 60 F, 1000 psi pressure 
change will compress butane about 2 
per cent and propane about 3.8 per 
cent. This compares with compressi- 
bility of about 0.8 per cent for gaso- 
line and 0.6 per cent for kerosine. 

5. Specifications for most uses re- 
quire a product of high purity. 

6. Present demand for LPG is sea- 
sonal and subject to considerable sea- 
sonal variations. This fact coupled 
with the high cost of LPG storage is 
an important economic consideration 
in handling LPG by pipe line. 

LPG is a product of refinery, nat- 
ural gasoline plant, and cycling plant 


FIG. 1. Marketed production of LPG. 
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operation. The uses for these products 
have expanded rapidly and now in- 
clude domestic heating, gas manufac- 
ture, chemical manufacture, and fuel 
for internal combustion engines. Table 
1 shows the size of this pipe line “or- 
phan” for the years 1930, 1940, and 
1950. These figures do not include 
LPG used for motor fuel blending nor 
do they include sales of hydrocarbons 
to plants manufacturing synthetic rub- 
ber, aviation gasoline, or their com- 
ponents. 

_ No accurate data is available on the 
volumes of LPG that are being trans- 
ported at the present time by products 
pipe lines. It is believed safe to as- 
sume that less than 10 per cent of the 
total volume marketed is being trans- 
ported by products pipe lines. Despite 
tremendous growth of the LPG indus- 
try, the total volume is still relatively 
small in pipe line terms when com- 
pared with present volumes of gaso- 
lines and distillates transported by 
products pipe lines. 

It is beyond the scope of this paper 
to present a detailed forecast of the 
future volumes of LPG that will be 
available for pipe line transportation. 
A recent study by R. C. Alden of 
Phillips Petroleum Company presents 
some interesting facts in this regard. 

“The extent of our present natural 
gas reserves and the anticipated high 
rate of discovery in the coming dec- 
ade makes the recovery and utiliza- 
tion of liquids extracted from natural 
gas a matter of major concern 
to the petroleum industry. 

“Analysis of the various 
uses for motor fuel leads to 
the conclusion that the full po- 
tential domestic commercial 
motor fuel market (truck and 







TABLE 1.1 Marketed production of 
LPG in barrels per day. 


Industrial 
and Gas Chemical 
miscel- manu- manu- 
Year Domestic laneous facture facture Total 
1930 770 145 . ae 1,175 
1940 8,750 8,120 1,320 2,260 20,450 
1950 139,780 19,570 15,650 42,400 217,400 


1 The information contained in Table 1 is also shown 
graphically in Fig. 1. 
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bus, and tractor and other non-high- 
way uses) would require a supply of 
liquefied petroleum gas equal to near- 
ly 45 per cent of motor fuel produc- 
tion. Capture by LPG in the next 10 
years of half this market would pro- 
vide an increment of motor fuel equiv- 
alent to approximately 20 per cent of 
total motor fuel production. This 
would be of paramount usefulness in 
cushioning the. civilian economy 
against the military requirements for 
gasoline in wartime.’ 

Fig. 2 represents an estimate of the 
LPG and motor fuel producible from 
our reserves of crude oil, natural gas 
liquids, and natural gas. It is startling 
to realize that the LPG potential of 
our petroleum reserves may soon 
equal the potential for motor fuel. 
Thus it is a very distinct possibility 
that products pipe lines will handle 
increasingly larger volumes of LPG 
in the years to come. 

Phillips Petroleum Company has 
been handling butane as a finished 
product for some 20 years in its Bor- 
ger, Texas-East Chicago, Indiana, 
products pipe line. Approximately 1,- 
500,000 bbl of butane were handled 
during the year 1950. Propane has 
been transported regularly in the Bor- 
ger, Texas-Denver, Colorado, line 
since 1947. In 1950 approximately 
550,000 bbl of propane were handled 
in this line. This volume constituted 
about 22 per cent of the product han- 
dled by this line. 


Tankage 


The major expenditure required for 
pipe line handling of LPG is that of 
tankage. Phillips’ pipe line tankage 
for LPG is usually constructed to con- 
form to local, state, and national 
codes. Most of our butane tankage is 
75 psi test pressure. Some of this stor- 
age is 12 by 42—1000 bbl vertical 
tanks arranged in batteries of five. 
These tanks were shop fabricated. 
\lso in use are 30 by 70 vertical tanks 
of riveted construction and 7500-bbl 
capacity. Newer butane tankage con- 
sists of 12,000-bbl blimps of welded 
construction. 

Our propane tankage is usually 9 
by 63 horizontal tanks of approxi- 
mately 600-bbl capacity. Newer tank- 
age consists of 12 ft by 92 ft hori- 
zontal tanks of 1600-bbl capacity. It 
can be seen from this that the trend 
is definitely toward larger vessels for 
LPG storage. In spite of this improve- 
ment, butane tankage costs approxi- 
mately $10 to $12 per bbl and pro- 
pane tankage from $14 to $17 per bbl. 
Furthermore, the maximum size of 
steel containers is limitéd by mate- 
rials construction techniques, and 
costs. 

If low cost, large volume storage at 
both manufacturing and consuming lo- 
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LRG IN REFINERY VAPOR STREAMS as 
CRUDE OIL RESERVES ARE REFINED. 





FIG. 2. Total potential LPG in natural gas reserves and LRG from crude 
oil reserves relative to motor fuel in reserves. 


cations are possible, a major obstacle 
in low cost pipe line transportation of 
LPG will be overcome. Underground 
storage in mines, wells, and the like, 
is currently being considered by sev- 
eral organizations. 

The high costs of LPG tankage indi- 
cate that the frequent pumping of 
small slugs is an economic necessity. 
This is somewhat undesirable of 
course as the pumping of small slugs 
increases the overall percentage of 
contamination. The construction of 
expensive LPG storage to care for. 
peak demands may not always be 
justified. One possibility is to con- 
struct more low pressure storage and 
give LPG products priority during 
their peak demand periods. There is 
also the alternative of handling a con- 
stant volume of LPG by pipe line and 
using other transportation to meet 
peak requirements. 


Measurement 
Measuring LPG receipts and de- 


‘ liveries is an important part of LPG 





pipe line handling. Numerous types 
of gauges including sight glasses, slip 
tubes, float type ground reading gages, 
magnetic gages, and rotary gages are 
in use. Any of these gages are liquid 
level devices and do not measure the 
volume of liquid contained in the tank 
vapors. This volume may run as high 
as several per cent depending on the 
temperature. Tank tables are often 
used that include the equivalent liquid 
volume of these vapors. 

We prefer to measure pipe line re- 
ceipts and deliveries by positive dis- 
placement meters. Pressure prover 
tanks are not used to prove these 
meters on LPG. The meter factor is 
obtained by multiplying the previous 
factor determined for base gasoline 
by 1.0146. This ratio was determined 


by a series of tests on 30,000-gal stor- 
age tanks. It is subject to some errors 
but it is convenient and provides a 
more accurate measurement than gag- 
ing. 


Testing 


LPG, like other pipe line products, 
is tested before accepting for ship- 
ment. The most common tests made 
are: 


(1) Gravity measurement. 

(2) Weathering and oil stain test. 
(3) Dryness test. 

(4) Vapor pressure test. 


Gravities are measured by using a 
pressure hydrometer jar. The weath- 
ering test evaporates a 1000-cc sam- 
ple and indicates the presence of resi- 
due (gasoline or oil) in the product. 
The oil stain test indicates whether 
this residue is a gasoline or oil. The 
dryness test is made by passing prod- 
uct vapors through cobalt bromide. A 
color change indicates moisture in the 
product. Vapor pressures are deter- 
mined by use of a pressure bomb. The 
dryness and vapor pressure tests are 
not customarily made when receiving 
product for shipment. 

Product buffer slugs are used on 
beth butane and propane. A butane 
slug in the Borger-Chicago line is buf- 
fered as follows: 


1. Natural gasoline. 
2. Butane—25,000 to 45,000 bbl. 
3. Natural gasoline. 


Normally the butane-natural mix- 
ture is not a contaminate and is blend- 
ed into motor fuel. Fractionation fa- 
cilities are available at Chicago an 
these butane-natural mixtures may be 
fractionated if required. 

Propane shipments on our Borger, 
Texas-Denver, Colorado, 6-in. line are 
buffered as follows: 
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FIG. 3. Denver terminal for loading trucks. 


FIG. 4. Typical stench pot. 
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Housebrand gasoline. 
Butane buffer—200 bbl. 
Propane slug—7500 bbl. 
Butane buffer—100 bbl. 


Housebrand gasoline. 


ar 


On this line, the small volume of 
gasoline-butane mixtures are disposed 
of in housebrand gasolines. The bu- 
tane-propane mixture is marketed as 
such, No fractionation facilities are in 
use on this line. On both pipe lines, it 
is the practice to take heart-cuts of 
LPG products at intermediate termi- 
nals, 


Loading 

LPG is loaded at our terminals to 
both tank car and truck. Product is 
tested in tankage before loading oc- 
curs. Loading pumps are of the deep 
well centrifugal type. This type of 
pump eliminates “gassing up” or 
“vapor locking” and permits storage 
tanks to be erected on lower founda- 
tions. Loading systems utilize both a 
liquid line and a vapor return line. 
LPG is not metered when loading. A 
typical truck loading spot is shown in 
Fig. 3. All liquid lines at loading 
docks contain an excess flow valve im- 
mediately upstream from the hose con- 
nection. Similar piping is used on tank 
car loading spots. The majority of 
LPG product is stenched with mer- 
captan or cal-odorant during the load- 
ing process. Fig. 4 shows the type of 
stench equipment commonly used. We 
believe there is a great deal of room 
for improvement on this apparatus. 
Slip tube gages are usually used to 
measure the product loaded to tank 
cars. Rotary gages are in common use 
on LPG tank trucks. LPG loading is 
a much slower operation than load- 
ing conventional products. This is due 
to increased connection time, slower 
loading rates, and the necessity of 
close supervision by the loader. 





Pumping Equipment 

No special main. line pumping 
equipment is used to handle LPG. On 
our Borger-Denver line we are using 
variable stroke triplex pumps with 
conventional packing. A force-feed lu- 
bricator injects small quantities of 
lubricating oil into the packing. Com- 
mercial glycerine was originally tried 
as a packing lubricant. Lubricating 
oil is now used and gives equal results 
at a lower cost. 

Our Borger-Chicago line handling 
butane uses 3-and 4-stage centrifugal 
pumps with conventional packing. 
Stufingbox pressures on these pumps 
run as high as 1000 psi. Packing on 
these pumps is also lubricated by a 
force-feed lubricator as shown in Fig. 
5. Good results have been obtained 
with this lubrication from the stand- 
point of leakage prevention, packing 
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Ol. FROM FORCE FEED 
LUBRICATOR TO LANTERN RING 


\ 

















PACKING RINGS 


FIG. 5. Method of packing lubrication 


on main line pumps. 


wear, and packing replacement. It 
should be pointed out that the quantity 
of lubricant injected is not great 
enough to affect the specification of 
the LPG. 


Several points are of interest in con- 
nection with the hydraulics of LPG 
handling. As previously mentioned, 
LPG requires moderate pressures to 
keep it in a liquid phase for pipe line 
pumping. This requires high station 
intake pressures and resultant loss of 
capacity. 

Propane and butane have specific 
gravities of 0.51 and 0.58, respective- 
ly, in comparison with gasoline gravi- 
ties of about 0.74 and distillate gravi- 
ties of about 0.82. These low gravities 
greatly reduce the differential pressure 
produced by centrifugal pumps hav- 
ing constant speed, electric motor 
drives. This is illustrated in Table 2, 
which assumes a 1000-hp motor load- 
ed to 1050 hp on 0.82 specific gravity 





TABLE 2. Differential heads developed 
by centrifugal pump at constant speed. 








Specific Motor Differential Differential 
gravity hp head in ft head in psi 
Propane..... 0.51 653 
Butane...... 0.58 743 
Gasoline . 0.74 947 
Kerosine . 0.82 1050 


Product 








TABLE 3. Pressure drop in psi per 
mile for various products computed by 
T. R. Aude formula. 





: Absolute 
Specific viscosity in 
gravity centipoise at 60 F 

0.51 0.12 8.9 psi 
0.58 0.18 9. a 
0.74 0.83 14. i 
0.82 2.50 20.1 psi 


Calculated 
pressure drop 
Product in psi/mile 
Butane 
Gasoline. .... 
Kerosine eee 
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PUMP CASE 


STATION 


40 P.S.1. INTAKE 


lic gradient for this line and indicates 
the line has a capacity of 50,000 bbl 
per day when pumping gasoline. 
Case B, Fig. 6, assumes propane is 
entering the line at Station A. Due to 
the low differential pressure produced 
by the centrifugal pumps on the low 
gravity propane, the rate has been re. 
duced to 48,000 bbl per day. 
Case C, Fig. 6, shows a 12,000 bbl 
- propane slug approaching Staticn B, 
Station B must raise its intake pres. 
sure as the propane approaches to 


STATION 
STATION 
Cc 


40 P.S.1. INTAKE 
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FIG. 6. Pipe line 
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distillate at a rate of 50,000 bbl per 
day. 

On the plus side of the hydraulic 
picture is the favorable friction char- 
acteristics of LPG products. Table 3 
shows the pressure drop in psi per 
mile for various products using the 
T. R. Aude formula and assuming a 
50,000 bbl per day rate and 10.25 ID 
line. 

The effect of LPG handling on the 
capacity of a pipe line is dependent 
on a good many factors. These factors 
include topography, station spacing, 
slug length, and type of pumping 
equipment. In some systems an actual 
increase in gross barrels per day will 
result. In some systems a sizable re- 
duction in capacity will result. 

Fig. 6 shows several different cases 
of LPG handling in a hypothetical 
pipe line. This pipe line is assumed to 
be a 10.25-in. ID line with 59-mile 
station spacing. Pumping units are as- 
sumed to be centrifugal pumps with 
electric motor drives. Buffer slugs 
have been omitted to simplify the illus- 
trations. 

Case A, Fig. 6, is a typical hydrau- 


maintain sufficient pressure at the 
head of the propane to keep it in a 
liquid state. The calculated rate at this 
condition is 50,000 bbl per day. A 
rate in excess of 50,000 bbl per day 
could be reached when the propane 
was Closer to Station A. 

As previously mentioned the prob- 
lem of capacities when handling LPG 
is a problem that must be solved for 
each individual system. 

Pipe line transportation of LPG is 
probably in its infancy. There is a 
great deal of room for improvements 
in some equipment and handling tech- 
niques. We believe that LPG may be 
transported successfully in products 
pipe lines with other products. It is 
predicted that the “LPG Orphan” will 
soon be a full-sized brother in the reg- 
ular line-up of products transported 
by the products pipe line industry. 
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NO-OX-ID applied by traveliner NO-OX-ID applied by stationary machine 


THERE’S A NO-OX-ID FOR EVERY PIPE LINE... 
FOR EVERY APPLICATION METHOD 


Positive pipe line protection against corrosion may be obtained 
on any pipe line, large or small, with NO-OX-ID combinations. 
And there is a method of application of NO-OX-IDs to meet 
every pipe line requirement. NO-OX-IDs may be applied by sta- 
tionary machines or with traveliners. In rough terrain or on 
short runs, NO-OX-IDs may be applied by hand with brush 
or granny rag. 

On your next pipe line job, find out how you can get econom- 
ical, long term protection with the correct combinations of 
NO-OX-IDs and NO-OX-IDized wrappers. Your Dearborn en- 
gineer is ready to assist you in the selection of the correct 
NO-OX-ID and the best methods of application for your par- 
ticular pipe line job. 

Please Note Our New Address 
DEARBORN CHEMICAL COMPANY 


Merchandise Mart Plaza ° Chicago 54, Illinois 





oil iia \\ ()— — 1D} 
THE ORIGINAL RUST PREVENTIVE pon + ~RUST 
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WRITE FOR YOUR COPY 


of the new, 2-color, loose-leaf Dearborn book en- 
titled, “Protecting Underground Pipe from Corro- 
sion with NO-OX-ID and NO-OX-IDized Wrap- 
pers,” which illustrates and describes the most 
modern, economical methods of pipe coating. 

aaa ae 


DEARBORN CHEMICAL COMPAN 
Merchandise Mart Plaza, Dept. PE . 
Chicago 54, Illinois 


oO roonee ant me o omotees copy of ‘‘Protect- 
ing Underground Pipe from Corrosion with 
NO-OX-ID and NO-OX-IDized Wrappers.” 


0) Have a Dearborn Engineer call. 
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THE POSITION OF 





Turbo-Machinery in the Gas Industry’ 


Tue axial, centrifugal, and recipro- 
cating compressors are individually 
suited to particular ranges of flow and 
pressure. In general, the efficient op- 
erational area of each compressor 
type is separate and distinct from the 
other. The large flows and low pres- 
sures are associated with an axial 
while the small volumes and high pres- 
sures are a feature of reciprocating 
machinery. The centrifugal compres- 
sor is in between. It follows from this 
that one machine will never replace 
the others. Each type, due.to its dif- 
ferent pressure-flow characteristic, 
must be evaluated for an application 

}Presented before the Oklahoma State. Meet- 
ing of the American Institute of Chemical Engi- 


neers, Tulsa, October 7, 1950. 
*Clark Bros. Co., Ine: 
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T. P. LATIMER® 


in terms of the desired conditions. 

Some instances, such as an inlet 
flow of 100,000 cfm preclude the use 
of reciprocating machinery. Equally 
true is the use of an axial compressor 
for 1000 cfm. A clear distinction in 
application is, however, the exception 
rather than the rule. A definite over- 
lapping of the range of operation be- 
tween the reciprocating and centrifu- 
gal compressor is present. Similarly 
the axial compressor and the centrifu- 
gal compressor may be used under 
certain conditions. 

The rapid expansion in the last dec- 
ade of industries requiring high ca- 
pacity compression equipment has 
focused attention on turbo-machinery, 
a relative newcomer in the oil and gas 


industry. Sufficient units, particularly 
of the centrifugal type, are now in op- 
eration to raise many questions con- 
cerning their use. This is true in the 
area of operation in which both recip- 
rocating and centrifugal compressors 
are applied. 

One of the greatest uses at this time 
of both types of compressors is the 
pumping of natural gas through pipe 
lines. 

Due to the basic differences in the 
characteristics of each compressor. 
however, a situation that favors one 
type will not reflect to the other’s ad- 
vantage. Consequently, we will confine 
further discussion to the application 
of turbo-machinery and the various 
types of drivers available, for the com- 
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A -FONTANA 


--. the West Coast’s first plant 





for the production of Coal-Tar Enamels 


@ At Fontana, California, Koppers 
is building a new, modern plant for 
the production of Bitumastic® En- 
amels, the Coal-Tar Base Coatings 
which have been famous for nearly 
a century for protecting under- 
ground and underwater metal sur- 
faces from corrosion. This plant, 
which will also produce Koppers 
Roofing Pitch, will be the first such 
plant to be located west of the Rocky 
Mountains. From it, Koppers will 
be able to provide improved service 
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to West Coast users of Bitumastic 
Enamels. 

Bitumastic Enamels are the tough 
coatings that are used to protect 
buried oil and gas pipe lines against 
severe corrosive elements. Large- 
diameter steel water pipe lines also 
are protected, both inside and out, 
by Bitumastic Enamel. On the in- 
side of the pipe, this enamel is ap- 
plied in a smooth lining that keeps 
flow capacity high and reduces 
pumping costs. 


ITUMASTI( ENAMELS 


REG. U.S. PAT. OFF. 


SRS. 


Dept. 751T, Pittsburgh 19, Pa. 


Processed from a base of Coal-Tar 
Pitch, Bitumastic Enamels are im- 
pervious to moisture and are chemi- 
cally resistant to soil elements. They 
make a tight bond with pipe and 
other metal surfaces, do not disin- 
tegrate with age, and maintain con- 
tinuously high electrical resistance. 

For information on delivery of 
Bitumastic Enamels . . . on the West 
Coast or elsewhere in the United 
States . . . we invite you to get in 
touch with us. 
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pressor prime mover is an integral 
part of a compression problem and 
the economic equipment selection. 


Sound engineering practice dictates 
the gradual introduction of a new type 
of machinery to an industry. This 
phase has been underway for centrifu- 
gals during the last few years and 
has, of course, yet to be undergone by 
the axial compressor. During this tran- 
sition period the centrifugal compres- 
sor is being applied by various gas 
transmission companies—less one ex- 
ception—in one or two stations only.’ 
The reliable operation? of the present 
units will lead the way to wider use. 
Actually all phases of the gas, as well 
as the petroleum industry, may use 
turbo-machinery, and the considera- 
tions related to the pipe line boosters 
apply equally well to multi-stage ma- 
chines. 

Despite the recent use*® of the cen- 
trifugal compressor on pipe lines, 
many years of engineering experience 
are behind their design. The hydraulic 
shapes of the parts have evolved from 
the design and operation of centrifu- 
gal pumps over the last years while the 
principle of overhanging impellers is 
proved in present turbine practice. As 
many as six impellers are overhung 
in a mercury turbine and Clark Bros. 
Co., Inc., commonly uses this feature 
with 2, 3, and 4 impellers as large as 
32 in. in diameter. Leaving considera- 
tion of the driver aside at the moment, 
the proved use of the high pressure 
oil seal was the final impetus to the 
acceptance of turbo-machinery by 
many major gas transmission com- 
panies. 


The centrifugal compressor is a 
simple mechanical design requiring 
few parts, only one of which rotates. 
The booster consists of three major 
components, a housing, a seal, and a 
bearing assembly as noted in Fig. 1. 
The gas enters and passes through the 
first part, a single casting. The casting 
is used to minimize the leakage that 
may occur with a horizontally split 
case. Passageways lead the gas to 
vanes that guide the gas into the im- 
peller. The gas leaves the impeller 
through another integral passageway 
and returns to the line. The impeller 
is supported by a short, strong shaft 
that rotates in the precision bearings 
of the second component. The seal is 
placed between the two parts at the 
point the shaft leaves the casting. 


The pressure-flow characteristic of 
the compressor is equally simple. 
(Fig. 2). A single impeller will de- 
velop a pressure ratio in proportion 


‘The exception is the Texas Eastern Trans- 
mission Corporation. 

“Centrifugal Compressors on the Texas East- 
ern Transmission Corporation Systems,” by 
E. A. Koenig, Oil and Gas Journal, June 29, 
1950. 


®1947 marked advent of commercial boosters. 
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FIG. 2. Performance 
characteristics. 


to the tip speed of the wheel,‘ and 
once the machine is designed the ratio 
at constant speed is in accordance with 
the inlet flow alone. This ratio, as well 
as the efficiency, is essentially constant 
over the compressors operating range. 
Any ratio above or below the line may 
be obtained with speed variation. A 
fixed speed, resulting from a synchro- 
nous or induction motor driver, limits 
operation along the single line in re- 
sponse to the capacity at the inlet. Op- 
eration below the line may be accom- 
plished by throttling or varying the 
angle of the inlet guide vanes. The 
former method imposes a fixed loss 
on the system, which is quite large on 
trunk lines. The use of movable guide 
vanes is more efficient, as the power 
loss associated with throttling is 
avoided. 


The pressure rise in a compressor 
is obtained in the impeller and the 
discharge passageway. The machine 
is designed to procure the greatest 
portion of the pressure rise in the im- 
peller. This component is the most 
efficient pressure converting device. It 
emphasizes the significance of speed 
variation in obtaining the best opera- 
tional flexibility. 

The low pressure ratio characteris- 
tic of the booster is advantageous in 
minimizing the horsepower require- 
ments of newly designed transmission 
lines. This is done by the spacing of 
the compressor stations. 


A 30-in. OD pipe line designed for 
350,000,000 std. cu ft per day® of 0.6 
SG natural gas and a station dis- 
charge pressure of 850 psia will illus- 
trate this. Consider a 250-mile section 
of line. The overall ratio is dependent 
on the number of stations and may 
~ 4The ratio 1.262 occurs at 850 ft per second 
with a pressure coefficient of 0.50 and an inlet 
temperature of 60 F. 

5Based upon the Weymouth Formula neglect- 


ing compressibility. 
‘Ibid 5 neglecting valve losses. 


be divided among the boosters in: sey. 
eral ways. 

a. The ratio may be selected so as 
to use a direct connected two-pole 
motor. 

b. The horsepower may b= ¢¢. 
lected so as to load an existing tur. 
bine. 

c. A combination of speed and 
horsepower may be selected in accord. 
ance with the desired duty. In other 
words a driver is fitted to a compres. 
sor. 

The first two methods impose limi- 
tations on the compressor design and 
their inherent flexibility is dimin. 
ished. The following example is based 
upon the latter possibility and the 
use of four boosters throughout. 








Pressure ratio® 
per station 


Spacing, 
Stations miles Horsepower 
2 250 2.59 16,850 
2 125 1.319 10,400 
4 62 1.125 9,000 











The horsepower per mile of line de- 
creases rapidly as the spacing de- 
creases. Actually our knowledge of 
thermodynamics predicts this fact. 
The smaller the pressure rise is per 
station, the closer the actual (poly- 
tropic) compression line is to the 
adiabatic compression line. 

The drivers for all compressors 
would be similar and designed with 
additional horsepower and speed. A 
line expansion may be simply and 
quickly accommodated with this fore- 
thought. An over-simplification will 
illustrate the general point. Change’ 
the inlet guide vanes in each compres- 
sor and increase the operating speed 
15 per cent. The pipe line flow is in- 
creased from 350,000,000 std. cu ft 
per day to 400,000,000 cu ft. 

The foregoing features of centrifu- 
gal compressors may be compared 
with those of an axial compressor. 
Fig. 3 graphically presents a basic 
difference in the characteristics. The 
steep pressure-flow, constant speed 
line and the flat horse-power char- 
acteristic over the range of flow pre- 
dicts suitable operation at high load 
factors alone. Further, the operating 
speed is a function of the inlet volume. 
A flow of 20,000 cfm requires a speed 
of 12,000 rpm. Even 600,000,000 std. 
cu ft per day at 800 psia is 55 per 
cent of this flow. The speed is propor 
tionately higher. 

The prime mover is important as 
the final step to general application 
of centrifugals and axials. An ideal 
machine would have many of the fol: 
lowing qualities: ; 

a. The operating labor require: 
ments are low and the future poss!- 

7Texas Eastern Transmission Corporation 


station engineers accomplish this in 2¢ minutes 
per compressor. 
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microwave 


Multiply your present communication facili- 
ties, realize new economies, and make sure of 
the greatest possibilities for future expansion, 
by insisting on a MOTOROLA, superior-engi- 
neered Microwave System. 





With the most private-owned microwave mile- 
age now in operation, Motorola offers you the 
benefit of EXPERIENCE, plus many immedi- 
ate and practical advantages. 


Operating in the proven 6000 Mc. frequency 
band, Motorola Microwave provides maximum 
effective power gain. The superior frequency- 
division multiplexing system provides optimum 
reliability. All your electronic equipment is at 
ground level for fast, precision maintenance, 


telemeter 





Installations 


Aeronavtical Radio Incorporated 
State of California 


Motorola Microwave is the super communication “pack horse” of complete round- 

the-clock reliability. Cross-town or cross-country, office to plant—to branch—to 

mobile crews, it provides multi-channel facilities for voice circuits, supervisory 

: : Nn control networks, telemeter, and teletype, 2-way radio tie-in, with innumerable 

e an American Pipeline Co. additional combinations for automatically and simultaneously operating your 
Shell Pipeline "a entire system. Motorola Microwave means efficient, economical point-to-point 

Panhandle Eastern Pipeline Co. , communication. 

Texas Illinois Natural Gas Pipeline Co. 

Mid-Vailey Pipeline Co. 


Brazos River Electric Transmission 
Cooperative 
City of Dayton, Ohio 


Michigon State Police 
4545 Augusta Blvd., Chicago 51, Illinois 












COMMUNICATIONS AND 
ELECTRONICS DIVISION 





World leaders in FM 2-way radio communications © 2-way mobile © portable © microwave © carrier and control © supervisory control equipment? 
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bilities of near-automatic stations con- 
sidered. 

b. The speed of the driver should 
match the requirements of turbo-ma- 
chinery. 

c. The speed of the driver will be 
variable over a wide range above and 
below the compressors design point 
without loss in thermal efficiency. 

d. The water requirements of the 
unit are small or unnecessary. 

e. Other considerations such as the 
cost of installation, spare parts, main- 
tenance, and general intangibles shall 
be kept in mind with respect to other 
type units. 

Three general methods of drive, 
proved in design and performance, 
are available from many manufactur- 
ers. These are reciprocating gas en- 
gine, the electric motor, and the steam 
turbine. A fourth type, which has all 
indications of fulfilling the foregoing 
requirements is a gas turbine of the 
design being tested by Clark Bros. 
Co., Inc. 

The gas engine may lead itself to 
driving turbo-machinery due to its 
high thermal efficiency. It does possess 
the fundamental disadvantage of a 
low speed and horsepower when re- 
lated to booster requirements on trunk 
lines. A speed increasing gear will 
overcome the former obstacle with a 
resultant loss in efficiency. Also there 






is the probability of interposing a 
fluid coupling between the engine and 
the gear unit. This will obviate the 
transmission of power pulsations to 
the gearing and will further reduce 
the overall efficiency. 


The electric motor has been the 
driver used on many pipe line appli- 
cations due to the Texas Eastern 
Transmission Corporation. This com- 
pany took over the former “Big Inch” 
and “Little Inch” oil lines from the 
government at the close of World War 
II. The agreement to surrender the 
lines to a private company for the 
transmission of natural gas was sub- 
ject to certain restrictions.* One stipu- 
lation covered the ability of the corpo- 
ration to reconvert the line to oil 
transmission when a national emer- 
gency required it. To facilitate such 
an eventuality, the boosters were de- 
signed to be driven by the existing 
pump motors. This project was com- 
plicated by the reverse procedure of 
designing compressors to be driven 
by existing motors.° The compressors 
were placed on the foundations for- 
merly occupied by the pumps. 

Overall, the provisions of the agree- 


8“Centrifugal Compressors Come of Age,”’ by 
B. D. Goodrich, AGA Spring Meeting, Houston, 
Texas, 1948. 

®“Centrifugal. Compressor for. Pipeline Duty,” 
by J. E. McCarthy, Pacific Coast Association, 
San Francisco, California, May, 1950. 


FIG. 3. General axial flow compressor performance. 


ment outweighed the disadvanta; + of 
high power costs, a factor that pre. 
cludes many motor applications. 

Salient pole motors are not «apa. 
ble of a speed necessary to develop 
an economical pressure ratio.® Hence, 
a gear is required. A two-pole induc. 
tion or synchronous motor may be 
directly connected but the low ratio 
and inflexibility of operation due to 
lack of speed control is difficu:t to 
justify. A variable speed coupling 
may be used, but it is not a commer. 
cial item in the necessary sizes and 
would be uneconomic. Wound rotor 
motors are also expensive prolabili- 
ties that should be carefully evaluated 
and compared with turbine drives de- 
scribed hereafter. 

A steam turbine may be advantage. 
ously applied when water is available 
in sufficient quantities. The unit would 
operate condensing in order to obtain 
high efficiencies though the water de- 
mands are substantially increased. 
The absolute vacuums are higher than 
central station practice, since there is 
small gain in efficiency at such low 
vacuums with commercial mechanical 
drive turbines for this relatively high 
speed duty. Fewer turbine stages are 
therefore employed than is customary 
for 3600 rpm electric power genera- 
tion practice. 

Several steam turbine driven cen- 
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FIG. 5. Model 503 gas turbine, 
5500 hp, 6500 rpm, 
‘to drive centrifugal pipe line booster. 
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PERSONAL 
SUPERVISION 


on construction of your 

pipe lines, water lines, 

sewer lines, excavations, 
salt water disposals 

















Modern Equipment © Efficient Personnel 
Financial Stability 


INUJAN 


eco) ips itleaite), meteor 
INCORPORATED 
14161/. N. ROBINSON 
OKLA. CITY, OKLA. PH. 2-7696 
WAREHOUSE PHONE 6-1430 








REPAIR LEAKS 


QUICKLY — PERMANENTLY 





SKINNER-SEAL PIPE JOINT CLAMPS stop 
leaks at joints. Put on under pressure — with- 
out inteeruption of service. Quick, simple, 
lasting repair. Sizes 1/2" to 24” incl. in stock. 








\ 


SKINNER-SEAL COLLAR LEAK CLAMP—de- 
signed to stop every type of collar leak in 
olf and gas lines. Sizes: 2" to 13’ inclusive. 





M.B. SKINNER COMPANY 


SOUTH BEND 21, INDIANA, U.S.A 





30 digging feeds range from 18% 
to 585 lineal ft. trench per hour. 


Wide work range. . . Model 250 digs 
16 to 42” wide at 12-6” depth. 


15 cutting widths are available 
with only 4 standard size buckets, 
side cutters and oversize teeth. 


Replaceable tooth points . . quick- 
ly installed, self-sharpening, get full 


Alloy and heat-treated steels in 
bucket chains keep maintenance low. 


Telescopic boom locks at 12” inter- 
vals for quick depth changes. 


Reversible conveyor shifts by pow- 
er through machine in 1 minute. 


Friction clutches control digging, 
boom hoist, steering, traction, engine. 


Automatic safety clutch protects 
all machinery from shock loads. 


THE PETROLEUM 


es 


Low center of gravity assures safe 
Trenchliner operation for work and 
travel over uneven terrain. 


Tractor-type,self-cleaning crawlers 
have 7 lbs. PSI pressure. 


Fully-enclosed gears in constant oil 
bath assure steady, trouble-free op- 
eration with 250 Trenchliner. 

Call your Parsons distributor now for more com: 


plete information on this heavy-duty 250 Trench- 
liner, or for facts on all other Parsons models. 


PARSONS CO., Newton, lowa 
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With 13.9-ton. lift capacity on 
““erawlers (above) ... 25-ton 
lift on rubber (below), 
Koehring heavy-duty 304 
-handles big clamshell or 
‘dragline buckets on a 

' wide work range... 

can convert to 34. 

yd. shovel or hoe. 


Whaetuer your oil field operating conditions demand 
sure-footed crawler traction to lick the toughest mud and 
grades . . . or require speed and mobility of rubber tires to 
cut travel time between widely-scattered jobs, it will pay you 
to check the extra lift capacities of Koehring crawler-mounted ' 
and rubber-tired cranes. 

Heavy-duty sizes on rubber have lift capacities up to 25 tons 
. . . Koehring crawler-mounted Cranes safely lift up to 79% 
tons... have dipper capacities to 2/2 yards. Quick converti- 
bility from lift crane or shovel to clamshell, dragline, pile driver 
or hoe extends the big production advantages to all kinds 
of oil field jobs. 

Whenever you consider cranes or excavators, write us .. . or 
call your Koehring distributor for specific information. 
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ON 
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FIG. 6. Estimated performance of gas 


turbine unit Model 503. 


trifugal compressor stations are be- 
ing installed on the line of the Trans- 
continental Gas Pipe Line Corpora- 
tion.’ The compressors were engi- 
neered and the steam turbine readily 
matched with sufficient additional 
horsepower and speed incorporated to 
allow maximum flexibility of opera- 
tion. Inlet steam conditions of 600 
psig and 750 F or 825 F, exhausting 
to 2% in. Hg absolute are used, Our 
experience indicates that these condi- 
tions are favored. They appear to be 
economic though 825 F may be used 
in the future. An exception to this 
would, of course, occur where it is 
possible to work out a steam balance 
with an adjacent hydrocarbon recov- 
ery plant. In any case, 12,000 rpm 
represents the upper limit of speed 
for general pipe line application. This 
precludes direct. connection by any 
commercial driver to axial compres- 
sors in the capacity range that is noted 
above. 

The gas turbine shown in Fig. 7 is 
not subject to the limitations of high 
power costs and the need of water as- 
sociated with the motor and steam 
turbine respectively. As it also pos- 
sesses the advantage of these drivers, 
it should be the answer of our life- 
time to the compressor drive problem. 


1A four-pole synchronous motor will produce 
a ratio of approximately 1.09 on the present 
fexas Eastern Transmission line. 

Stations 5, 7, and 10. 
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FIG. 7. Gas turbine now undergoing 


performance tests. 


Prior to the metallurgical and tech- 
nical advances during the past decade, 
it had not been possible to develop a 
gas turbine for general industrial ap- 
plication; however, it is now commer- 
cially practical to design machinery 
to operate on the Brayton cycle. 

The Clark unit, unique in its posi- 
tion at this date, represents an answer 
to the needs of the oil and gas indus- 
try. It evolved from a study and evalu- 
ation of the many daily compressor 
problems handled by the company. 
The rating, 5500 hp and 6500 rpm,’ 
is the mode of a normal distribution 
of these daily compressor selections. 
The unit operates on a simple open 
cycle with regeneration. This is sche- 
matically illustrated in Fig. 4. It is 
considered to be the optimum com- 
bination of the five general paths that 
are open to this cycle for high overall 
efficiency. 

a. The easiest way to high thermal 
efficiencies is an increase in the tur- 
bine inlet temperature. It is limited 
by the desire for long turbine life to 
around 1400 F with present materials. 

b. The second path is high compo- 
nent efficiency. 

c. The last method incorporated in 
the Clark design is regeneration. This 
recovers the turbines exhaust energy 
ahead of the blower with the incom- 


12Measured at 1000 ft with an ambient air 
temperature of 60 F. 





ing air. The fuel requirements are 
thereby reduced and the efficiency 
raised. 

d-e. Intercooling between air com- 
pressor stages and reheating between 
turbine stages requires water and un- 
justifiable complexity in relation to 
the proposed duty. If water is avail- 
able, it could be used. In general, the 
first three methods alone will be used 
by the Clark unit. 

Speed flexibility is obtained by us- 
ing two shafts in line, with the single 
wheel on each coupled by a hot gas 
stream only. (Fig. 5.) One shaft is 
rigidly coupled to the air compressor. 
This forms a gas generator unit that 
has a surplus of power represented in 
the gas flowing to the second wheel. 
The latter shaft transmits useful en- 
ergy to the pipe line booster. It may 
operate above or below the generator 
shaft speed with small variation in 
thermal efficiency as shown in Fig. 6. 
This is possible because the inlet tem- 
perature remains high. A single shaft 
turbine may procure speed control 
only by reducing the temperature, and, 
of course, the thermal efficiency. _ 

The Clark gas turbine (Fig. 7) is 
undergoing comprehensive perform- 
ance tests at this time. Since it is the 
only unit of this type extant today, 
the results of this operation will be 
noteworthy in the progress of Amer- 
ican industry. xa 
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FIG. 1. Flow diagram of an absorption 






Everyone engaged in the gathering 
and transmission of natural gas has 
experienced trouble from the presence 
of liquids in pipe lines. Liquids de- 
crease the capacity of a pipe line, in- 
crease corrosion problems, and under 
certain conditions can stop the flow 
of gas completely by the formation of 
hydrates. For these reasons the pre- 
vention of the formation of both hy- 
drocarbon and water liquids in the 
gas system is necessary to maintain 
maximum pipe line efficiency. 

The separation of liquids from a 
natural gas stream is a mechanical 
problem as old as the natural gas busi- 
ness. here are numerous separators 
on the market, each of which will sat- 
isfactorily accomplish the desired sep- 
aration of any liquids that have been 
formed at the point of separation. It 
1s to b= noted, however, that mechan- 
ical separators are seldom 100 per 
cent ©icient and that if manufactur- 


9 °,? 
ers ruled capacities are not adhered 
_—_, 
a” nted before the Transmission Session 
f the © uthern Gas Association, Biloxi, Missis- 
SIppi, “ ri] 28-25, 1951. 
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type plant. FIG. 2. 


Removal of Liquids From Natural Gas 
Before Entering Pipe Lines* 


Liquids decrease capacity, increase corrosion, and under 
certain conditions can stop the flow of gas completely 


J. H. ECHTERHOFF 


to, serious carry-over of liquid can be 
expected. 

The real problem, however, is not 
the separation of gas from a liquid— 
it is rather the “conditioning” of the 
gas so that from the time it enters the 
pipe line, initially, until it reaches the 
ultimate consumer, no liquids will be 
formed. 

The removal of “liquefiables,” or 
constituents that are in a vapor state, 
but which can be expected to condense 
with a change in temperature and/or 
pressure, is somewhat more difficult 
and it is the purpose of this paper 
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to discuss the more popular methods 
used and some of their advantages 
and disadvantages. 

There are two types of liquefiables 
that must be controlled if we are to 
prevent the formation of liquids in the 
pipe line. These are (1) hydrocar- 
bons and (2) water. 


Control of Hydrocarbons 


The control of hydrocarbon lique- 
fiables is accomplished by one of two 
methods: 

1. Processing through a natural 
gasoline plant. 

2. Separation through a low tem- 
perature separator. 

Any plant processing natural gas 
for the production of liquid products, 
without chemical change, is normally 
referred to as a natural gasoline plant. 
Besides the natural gasoline, how- 
ever, such products as ethane, pro- 
pane, butane, isobutane, isopentane, 
motor fuel, kerosine, and residual fuel 
oils are made from the heavier hy- 
drocarbons that have been extracted 
from the raw gas stream. The result 
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is that where natural gas is processed 
in a gasoline plant, it must be consid- 
ered as one of a number of valuable 
plant products. 

As might be expected, there is a 
wide variation in the individual plant 
processes. Depending upon the pri- 
mary means of initial separation from 
the raw gas stream, we can classify 
these as (1) absorption plants and 
(2) refrigeration plants. 

In absorption plants, the heavier 
hydrocarbons are removed from the 
incoming raw gas by contacting with 
a light absorption oil very similar to 
kerosine. A flow diagram of such a 
plant is illustrated in Fig. 1. The ram- 
ifications of this plant are many, with 
the primary purpose of each being 
to either absorb more and/or to re- 
tain more of the absorbed products. 
The absorption plant is adaptable to 
most any raw gas condition, but to the 
vas pipe line can have one distinct 
disadvantage —in the absorber the 
temperature of the gas and oil is raised 
by the heat of absorption. The oil is 
carrying an appreciable quantity of 
water, either in solution or suspen- 
sion, which it gets from the stripping 
steam in the still. The residue gas 
from the absorber becomes saturated 
with water at this elevated tempera- 
ture. If this residue gas is not dehy- 
drated, it can be the source of a large 
quantity of liquid water in the gas 
pipe line. If the residue gas is dehy- 
drated without some form of cooling 
to compensate for this temperature 
rise, it will greatly aggravate the de- 
hydration problem. It is possible to 
use dry gas for stripping in the still 
or to remove the water from the lean 


oil before returning to the absorber 
in order to prevent the residue gas 
from increasing in water content over 
that of the inlet gas to the absorber. 

Figs. 2 and 3 illustrate two differ- 
ent types of refrigeration systems. 
These systems are not as adaptable as 
the absorption system to all gases, be- 
ing limited to gases that are classed 
as “rich” in liquefiable hydrocar- 
bons. 

The low temperature separator 
method of water and liquefiable hy- 
drocarbon removal on high pressure 
gas distillate wells is a method that 
has gained relatively recent popular- 
ity. This method will be covered in 
detail by another paper in this meet- 
ing so will not be elaborated on here; 
however, we should not overlook the 
fact that this method has the limiting 
feature of high pressure drop. 


The calculation of temperature and 
pressure conditions at which a par. 
ticular gas will begin to condense hy. 
drocarbons, commonly called “dew 
point,” is a fairly complex calcula. 
tion, well covered in the literature. 
and beyond the scope of this paper; 
however, it is fairly common practice 
to regard gas that contains not more 
than 0.2 gal of gasoline per thousand 
cubic feet, by the standard NGAA 
charcoal test, to be acceptable for pipe 
line pressures up to 900-1000 psi 
without condensation. 

Although drip gasoline is an expen- 
sive nuisance to the gas pipeliner, it 
is liquid water that is his chief con- 
cern. Liquid water in the presence of 
natural gas hydrocarbons and under 
certain temperature and pressure con- 
ditions may form a hydrate that is a 
solid ice-like material. Under extreme 


FIG. 5. Permissible expansion of a 0.6 
gravity natural gas without hydrate formation. 
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FIG. 3. Refrigeration-compression system. 
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Uses of the Chart 


Fig. 5 may be used to solve two types of problems with examples 


1. How far may a 0.6 gravity gas at 2000 Ib pressure and 100 F 
be expanded without danger of hydrate formation? The answer, 
from Fig. 5, is 1050 lb per sq in. abs. 

2. How far may a 0.6 gravity gas at 2000 Ib and 140 F be ex- 
panded without hydrate formation? The answer, from Fig. 5, is that 
hydrates wil not form upon expansion to atmospheric pressure. 

3. A 0.6 gravity gas is to be expanded from 1500 Ib to 500 Ib. 
What is the minimum initial temperature that will permit the expan- 
sion without danger of hydrates? The answer, from Fig. 5, is a” 
initial temperature of 90 F or above. 

4. A 0.6 gravity gas at 10,000 Ib and 140 F is expanded freely 
and adiabatically: 

a. At what lower pressure will the temperature become 140 F? 

b. At what pressure would hydrates be likely to appear if suffi- 
cient water is present? 

The answer, from Fig. 5, is (a) 4300 Ib and (b) 1150 Ib. 
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—your best insurance 
for pipeline profits... 


Extra low ground bearing pressure (only 
6 Ibs. per sq. in. in the biggest CLEVELAND) 
and extra traction through the oversize full- 
crawler mounting that keep you stepping 
right along through mud, swamp, sand and 
sticky clay. Extra power that pays off when 
“all-good” digging turns into rock, hills and 
hard frozen ground. Extra heavy-duty con- 
struction that cuts costly maintenance down- 
time, while CLEVELANDS famous “unit-type” 
assembly allows the few necessary repairs 
to be made quickly and easily in the field. 
Extra-low center of gravity that means perfect 
sure-footed balance on the steepest grades 
and broken country. Extra maneuverability 
for easy handling in built-up areas. Extra- 
long service life that slices your equipment 
overhead. And extra speed and capacity that 
set a dependable faster pace for your whole 
spread. See your local distributor today and 
= this CLEVELAND “insurance” to work for 
oN you. The Cleveland Trencher Co., 20100 

St. Clair Avenue, Cleveland 17, Ohio. 


CLEVELAND TRENCHERS 
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conditions these hydrates can pack 
severely enough to block a pipe line. 

Fig. 4? presents data to illustrate 
the water vapor capacity of a natural 
gas. At a given temperature and pres- 
sure, the quantity of water shown is 
that when the system is at 100 per 
cent relative humidity. As illustrated, 
the water capacity decreases with in- 
creased pressure, temperature re- 
maining constant. The water capacity 
increases with temperature, pressure 
remaining constant. The composition 
of a gas affects its water capacity, 
but this effect is small and normally 
neglected. 


D-28 


In Press, Journal of Petroleum Technology 


TEMPERATURE F° 


FIG. 4. Water vapor content of essentially nitrogen-free natural gas at saturation. 


This curve is useful for three pur- 
poses: 

1. To determine the extent of de- 
hydration necessary for a particular 
gas, i.e., if gas is going into a pipe 
line operating at 800 psi where ground 
temperatures are such that the gas can 
be expected to reach a temperature of 
30 F, to what extent must the gas be 
dehydrated to prevent formation of 
liquid water? 

From the curve, the 800-psi pres- 


sure line and the 30 F temperature ° 


line cross, showing that a saturated 
gas under these conditions holds 7.5 
lb of water per million cubic feet. To 
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prevent the condensation of liquid 
water, this gas should be dehydrated 
to a water content of not more than 
7.5 lb per million cubic feet. 

2. To determine the amount of 
water to be removed in dehydration. 
ie., if the above gas was entering a 
dehydration plant at 850 psi at 95 F, 
how much water must be removed? 
The curve shows a saturated gas 

at 850 psi and 95 F to hold 62 |b 

water per million cubic feet 

at 800 psi and 30 F to hold 7.5 |b 

water per million cubic fee! 

Water to be removed 54.5 |!) per 

million cubic feet. 
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3. To predict the formation of hy- 
drates. 

A gas under temperature and pres- 
sure conditions above the hydrate line 
will not form hydrates. 

A gas under temperature and pres- 
sure conditions below the hydrate line, 
and in the presence of liquid water, 
may form hydrates. 

Fig. 5 presents data published by 
D. L. Katz? showing the permissible 
expansion of a natural gas without 
hydrate formation. This information 
is useful in determining the layout 
of a wellhead installation on high 
pressure gas wells to prevent hydrate 
formation when the gas is throttled 
to gathering system pressures. In gas 
gathering systems, particularly, it is 
often necessary to provide heat to the 
gas to keep it above the hydrate point 
in order to reach a central dehydra- 
tion plant. 

There are three water vapor re- 
moval systems now in general use: 

1. Liquid desiccant system. 

2. Solid desiccant system. 

3. Low temperature separator. 

As noted previously, the low tem- 
perature separator is being carried 
ia separate paper at this meeting 
and wil! not be covered in this paper. 

The ‘iquid system has the advan- 
lage of operating on a continuous 
cycle. The gas is contacted in an ab- 
sorber and the diluted desiccant is 
regenerated in a small concentrator. 

ig. 6 is a flow diagram of a typical 
liquid system. The solid desiccant 
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FIG. 6. Glycol type gas dehydration unit. 
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systems operate on a cycle type pro- 
cess where two or more contactors 
alternately dehydrate the gas and are 
then regenerated by using hot gas or 
superheated steam. Fig. 7 is a typical 
flow diagram on a solid type unit. 

In small installations, the liquid 
system will operate with little labor 
expense without the necessity of put- 
ting in a complicated system of con- 
trols. In the larger systems, the cycle 
controllers used to make the solid 
desiccant units automatic are a small- 
er relative part of the investment so 
that there is small difference on an 
economic basis. 

The liquid desiccants in popular use 
are usually one of the glycols. The 
chief difficulty with the glycols is get- 
ting sufficient reconcentration with- 
out decomposition in order to get 
large dew point depressions. In some 
cases, reconcentration under vacuum 
gives good results. 

Normally, the higher pressure gas 
transmission lines require dew points 
(point at which water will begin to 
condense) in the neighborhood of 30 
F or less. With glycol this corresponds 
to a maximum allowable inlet gas 
temperature to the dehydrator of 
about 80 F. Recent developments may 
allow slightly higher temperature. 

The solid bauxite type desiccants 
will give dew points in the 0 F and 
under range and are satisfactory to 
about 95 F. At this temperature they 
fall off rapidly in capacity. They are 
also subject to “dusting” with changes 


FIG. 7. Flow diagram of solid desiccant plant. 


TOWER 











of velocity in the bed which, in the 
presence of the heavier hydrocarbong, 
will tend to cake, resulting in loss of 
capacity and increased pressure 
drops. 

Recently, a beaded silica-gel type 
desiccant has been used. It will de- 
hydrate at elevated temperatures, has 
good capacity, but is very sensitive © 
to liquid water, which causes disin- 
tegration of the beads. It has an af- 
finity for hydrocarbons, which results 
in a liquid hydrocarbon recovery on 
the regeneration cycle. This liquid can 
be recovered and sold to help offset 
the cost of dehydration. The bauxites 
also have this affinity for the hydro- 
carbons, but to a lesser extent. 

Fig. 8 presents data to illustrate the 
effect of increased pressure drop on 
horsepower requirements for com- 
pression of natural gas. 

Pressure drop through a dehydra- 
tion plant, like pressure drops through 
other equipment, causes increased 
horsepower requirements with an ac- 
companying increased operating cost. 
The liquid systems have relatively 
small pressure drops determined pri- 
marily by the liquid head over the 
trays in the contactors. The solid types 
have pressure drops determined by 
the piping, valving, and the depth and 
type of bed. A major portion of the 
pressure drop through the solid type 
units is a result of normally taking 
the regeneration gas (see Fig. 7) off 
the main stream before a differential 
valve, through the heater, the regen- 
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erating bed, the cooler, and back into 
the main stream before it enters the 
drying bed. If the unit is operating at 
sufficient pressure and the regenerat- 
ing gas cooler can be assured of cool- 
ing this gas to the order of 90 F, it 
can then be put back into the main 
stream on the outlet of the plant and 
still assure a 30 F dew point. This will 
decrease the pressure drop by an ap- 
preciable amount. 

In the solid type units there are a 
number of different tower designs be- 
ing used: 

1. The conventional vertical tower 
with either a single, or multiple, 
bed(s) in which the gas enters one 
end of the tower and leaves at the 
other end. 

2. So called radial flow tower in 
which the gas enters the side of the 
tower, flows around an inner shell, 
passes through the bed into a center 
core and out the bottom of the core. 

3. A horizontal tower divided into 
several compartments with an individ- 
ual inlet and outlet for each compart- 
ment. 

1. It is reported there is now a 
spherical tower under development. 

The objective of each type of tower 
is to give uniform flow through the 
bed on the drying and regenerating 
cycle in order to use the maximum 


capacity of the desiccant, to provide 
easy access for filling and emptying 
the unit of desiccant and to give a 
minimum of pressure drop. 


Summary 


The liquefiable hydrocarbons are 
removed from natural gas for one or 
a combination of these reasons: 

1. Because it is economically feasi- 
ble to recover the liquefiable hydro- 
carbons. 

2. To meet contractual specifica- 
tions on the residue gas. 

3. To prevent the formation of 
liquids in the gas pipe line. 

The removal of water vapor from 
natural gas is done for one or a com- 
bination of two reasons: 

1. To prevent the formation of 
liquid water at any point in the pipe 
line, which has the accompanying 
danger of the formation of hydrates. 

2. To meet contractual obligations. 

The removal of both liquefiables is 
often handled as a combination proj- 
ect, either on a single well or a group 
of wells. For water vapor removal, the 
type of equipment used should be de- 
termined by a careful study of the 
pressures existing, not only at the be- 
ginning but over the expected life of 
the project; pressure drops that can 
be tolerated and temperatures of the 


H.P. INCREASE WHEN PRESSURE DROP THROUGH 
DEHYDRATION UNIT INCREASES ABOVE 25 PSI. 


5 its] ss 25 30 35 40 45 
PRESSURE DROP INCREASE (DEHYDRATION UNIT) 
USING 25 DROP AS BASE 
COMPRESSING 100 MMCF/24HRS. FROM 475 PSIG To 875PSiG 


FIG. 8. Hp increase vs pressure 
drop increase (dehydration unit). 


wet gas. In the case of the hydrocar. 
bons, a careful economic study should 
be made over the life of the project 
with original equipment cost, operat- 
ing cost and ultimate liquid hydro- 
carbon recovery and value given prop- 
er consideration. 
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VOICE, TELEMETERING CONTROL, SUPERVISORY, AND VOICE CARRIER APPLIED 
TO A MICROWAVE SYSTEM ON A FREQUENCY DIVISION BASIS 





UseFUL DISPATCHING TOOLS? 


Telemetering, remote control, and supervisory 


facilities as applied to communication networks 


Telemetering, remote control, and 
supervisory systems, individually or 
collectively, provide the gas dis- 
patcher with three very useful tools 
that, when properly applied, facilitate 
system operation: 

_ (1) Telemetering or remote meter- 
Ing of a variable such as pressure. 
Ow, or temperature; (2) the control 
of remote valves and pressure regula- 


y, lectronies engineer, Research Department, 
nited Gas Corporation. 

tion Tesented before the Southern Gas Associa- 

fall S ilo ci, Mississippi, April 23-25, under the 

Re itle, “The Application of Telemetering, 

C mote Control, and Supervisory Facilities to 
oOmmunication Networks.” 
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tors, and (3) the transmission in the 
return direction of supervisory signals 
that say in effect “order received and 
properly executed” can be achieved 
through the proper selection and ap- 
plication of audio and carrier tele- 
graph signal transmitters and receiv- 
ers. 

Telemetering and supervisory cir- 
cuit signal transmitters for the sim- 
pler circuits can be of the On-Off 
variety as they do not necessarily have 
to include Fail Safe protection. Signal 
receivers associated with these trans- 
mitters are only required to close 
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a relay through the use of proper 
circuitry, which in turn controls the 
associated device. 

Signal transmitters and receivers 
used for remote control and for super- 
visory circuits that include semi-auto- 
matic control operation must provide 
some sort of Fail Safe protection. This 
is required to insure no change in the 
controlled device in case of power or 
signal failure. Time delay relays 
provide protection against operation 
caused by lightning or other surges. 
By the use of audio or carrier tele- 
graph transmitters and receivers of 
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the frequency shift variety, signal cir- _ trol and Fail Safe protection problems — graph signal transmitters and re- 
suit and power circuit Fail Safe pro- can readily be solved by the proper __ ceivers mentioned can be used suc- 
tection can easily be achieved, thus application of two or more signal cessfully over wire lines or microwave 


virtually eliminating false control or __ shift transmitters and receivers incas- —_ systems. 
false supervisory operation caused by cade combinations. Frequency shift Microwave systems up to and in- 
voltage transients that may be induced = equipment is quite suitable for tele. cluding those in the 960-me band as- 


metering circuits. Any of the tele-  signment usually are phase modulated 
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PULSE MODULATION CHANNELS 


Voice 


for an effective bandwidth of approxi- 
mately 30 kc. Multiplexing of voice 
and telegraph signals into the micro- 
wave system is on a frequency divi- 
sion basis. In effect, the only differ- 
ence between such microwave systems 
and a wire line is that the microwave 
system can be considered to be a 
4-wire line, which can carry a total of 
7 voice channels (or equivalent cir- 
cuits) in each direction, as compared 
to the wire line, which is usually con- 
sidered a 2-wire system and can carry 
a total of 4 voice channels (or equiva- 
lent Circuits) bi-directionally. Ap- 
proximately 16 telegraph type signal 
transmitters or receivers can be multi- 
plexed into the spectrum space re- 
quired for l-voice channel in one 
direction. 

In the application of telegraph sig- 
nal transmitters or receivers to wire 
Inés or microwave systems it is rec- 
ommenced that they be multiplexed 
directly into the system without the 
use of additional channeling equip- 
ment wien possible, This will give 


TYPICAL PULSE 


MODULATION MICROWAVE 


SYSTEM 


some additional circuit protection. 

Over properly transposed wire lines 
designed to operate directional-wise 
according to The Association of 
American Railways directional agree- 
ment, voice and carrier telegraph fre- 
quencies are available for use up to 
150 ke. This is the width of the entire 
“C” and “J” carrier frequency spec- 
trum. When such a communication 
system is to operate in its entirety over 
a telephone line remote from other 
telephone and telegraph lines, special 
transposition schemes and AAR di- 
rectional operation are not required. 

Frequency division multiplexed 
modulation is used on most micro- 
wave systems operating on 960 mc or 
below. Above 960 mc both frequency 
division and pulse methods of modu- 
lation are in common use, The more 
common types of frequency division 
multiplexing use voice and telegraph 
carriers designed for wire service in 
the “C” and “J” carrier ranges. There 
are, however, some types of frequency 
division multiplexing that require spe- 
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cial FM subcarriers, which in turn 
contain the desired signals. Each FM 
sub-carrier is the equivalent of a voice 
channel. There are in common use sev- 
eral different types of pulse modula- 
tion, each one of which requires mullti- 
plexing circuitry suitable only to that 
particular type of pulse operation. In 
these systems each pulse is the equiva- 
lent of a voice channel. 

In either the frequency division 
multiplex systems using standard tele- 
phone types of sub-carrier equipment, 
those using FM subcarriers, or those 
using pulse techniques when telemeter- 
ing, control, or supervisory signals 
are used for subcarrier modulation. 
The loss of a sub-carrier channel 
means the loss of all signals carried by 
this sub-channel. This point should al- 
ways be considered in system design. 

In all of the wire line or phase, 
pulse, and frequency modulated 
microwave systems mentioned, suit- 
able audio or carrier telegraph type 
signal transmitters and receivers can 
be used for accurate metering, con- 
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trol, and supervisory functions jp. 
cluding adequate Fail Safe provisions 
when required. 


11. 
12. 


13. 


The following sketches show meth. 


ods of applying telegraph type signal 
equipment to wire line and micro. 
wave systems. A bibliography of help. 
ful literature is included. 


Bibliography 


. “Application of Microwave Channels,” by 


R. C. Cheek, Westinghouse Corporation, 
Paper presented at 1950 summer meeting, 
AIEE, Pasadena, California. 


. “Automatic Remote Control,” by Wm. A. 


Laveolette, Pacific Gas and Electric Com. 
pany. 


. “An Introduction to Carrier Current Com. 


munications”—Automatic Electric Company. 


. “Bristol’s Metameter System of Telemeter-. 


ing’”—The Bristol Company Industry Data 
Sheet No. 39. 


. Carrier Telegraph Publications of the 


Lenkurt Electric Company. 


. “A Multiplex Microwave Radio Relay Sys- 


tem,’ by Maurie Staton, RCA, Camden, 
New Jersey. Paper presented at 1950 PIEA 
meeting, Houston, Texas. 


. “Practical Microwave Communication Sys- 


tems for Pipe Line Companies,” by Ralph 
G. Maddox, Federal Telephone and Radio 
Corporation. Electrical News, July, 1949. 


. “Semi-Automatic Supervisory and Remote 


Control Unit for the Operation of Natural 
Gas Pressure Regulators,”’ by E. D. Nuttall, 
United Gas Pipe Line Company, Electrical 
News, February, 1950. 


. “Supervisory Control System,’’ by E. Wylie 
10. 


Head, Control Corporation. 

“Joint AIEE-NTF Conference on Tele- 
metering,” American Institute of Electrical 
Engineers, New York, August, 1950. 
“Telemetering, Supervisory Control, and 
Associated Circuits,’’ American Institute of 
Electrical Engineers, New York, 1948. 
“Telemetering Systems,” General Electric 
Apparatus Department, Schenectady, New 
York. 

“940-960 Megacycle Communications Equip- 
ment for Industrial Applications,” Frank B. 
Gunter of Westinghouse Electric Corpora- 
tion, Baltimore, Maryland. x * 














TOP CORROSION BEFORE | 


Asbestos Pipe Line Felt is time tested and proven on the line. 
WHY EXPERIMENT? 

Asbestos Pipe Line Felt has been used to protect under- 
ground pipe coatings for more than 26 years. The coatings 
on thousands of miles of lines are protected by Asbestos Felt. 
Most major pipe line companies have personal experience as 
to its effectiveness. 

NICOLET Asbestos Pipe Line Felt is not a thin foreign prod- 
uct in the enamel, but a rugged 15 Ib. inorganic shield which 
protects the enamel insulation on the outside—where cor- 
rosion starts. NICOLET Felt is saturated with the same basic 
bitumens as the coating. 


NICOLET Asbestos Pipe Line Felt is made to AWWA specifi- 
cations, but can be made to your particular specifications. 









WRITE FOR 
LITERATURE 
AND PRICES 











*Formerly Gama 


MANUFACTURED BY: 


NICOLET INDUSTRIES, INC. 
(FORMERLY GAMA INDUSTRIES, INC.) 
70 Pine Street New York 5, N.Y. 













NICOLET* ASBESTOS PIPE LINE FELT 
“the felt with a future” 


MIDDLE WEST COATING & SUPPLY 


207-A Daniel Bldg. 


P. O. Box 153 




















DISTRIBUTED BY: 


Ph. 2-5215 
or 2-5216 


Tulsa, Okla. 












D-34 





THE PETROLEUM ENGINEER, Reference Annual, 195] 





z f 












































TOPS in 
Oil Pipe Line Pumping Power | 

















Fuel flexibility, operating economy, 
continuous pumping station service that 
can’t be interrupted by fuel shortages— 
these are the basic reasons why more and 
more oil transportation and pipe line 
companies are installing dual-fuel en- 
gines for pumping power at its best. 
Enterprise Dual Fuel Engines com- 
bine all these important advantages 
to provide highest engine efficiency at 
lowest power cost through three-way 
fuel flexibility: 

1. Handles any combination of gas 
and oil, from full diesel to about 95% 
gas, 5% pilot oil. Change-over from one 
fuel to the other is smooth, positive and 
instantaneous through simplified controls. 

2. Burns Diesel, crude and residual fuels. 
Many grades of properly prepared “‘heavy”’ fuels 
can be used, tapped directly from the line. No 
change in the basic fuel injection system is required. 

3. A wide variety of gas fuels are suitable, including 
natural gas, butane or butane-propane mixture— whichever 
is available at lowest cost. 

To get the most for your power dollar investment, write today 
for full information on these and other outstanding features of 
Enterprise Dual Fuel Engines. 
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Operating Aspects of 
Gas Storage Accounting’ 


A discussion of the economic phases of 
underground storage, which has become a 
major factor in the natural gas business 
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A. A. CULLMAN* 


A. review of the American Gas Asso- 
ciation monthly magazine for April 
brings forcibly to attention that the 
gas industry has gone into the bank- 
ing business in a big way. According 
to an article in that issue, the industry 
is operating more than 100 savings 
banks, 

A savings bank is an institution 
where you can keep your money with 
safety and get it out when you want 
it. At December 31, 1950, the gas in- 
dustry had almost 350 billion cubic 
feet of gas in underground savings 
banks. These might be referred to as 
demand deposits because the gas is 
safely there until we need it—and it 
can be withdrawn on demand. 

Only fragmentary figures are cur- 
rently available but these would seem 
to indicate that within a very few 
years somewhere around 1 trillion 
cubic feet will be in storage with a 
maximum daily delivery approximat- 
ing 3 billion cubic feet. 

In the past, there has been a num- 
ber of speakers on this rostrum to dis- 
cuss underground gas storage. There- 
fore, it is not necessary to go into the 
detailed history and background of 
storage operations from its operating 
aspects. ; 

[ do ask your indulgence for just a 
moment to consider the background 
of the economic side. Prior to 1936 
underground storage was conducted 
only on a small scale. In 1936, some 
Ohio fields were activated. In 1937, 
some Pennsylvania operations began. 
These 1936 and 1937 operations, lim- 
ited primarily to the relocation of Ap- 
palachian gas, although they seemed 
substantial at the time, were not of 
such magnitude that any considerable 

+Presented before American Gas Associa- 
tion, Natural Gas Department, Dallas, Texas, 
May 7, and 8, 1951. 


*Assistant treasurer, Columbia Engineering 
Corporation. 
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financial problems accompanied them. 

The demand of distant markets re- 
quiring such large quantities of gas 
from the Southwest fields has so mul- 
tiplied the economic advantages of 
storage operations, through improved 
load factors, that underground stor- 
age has become a major consideration 
in the natural gas business. 

The steady increase in financial im- 
portance of gas storage operations is 
related not only to the obvious eco- 
nomic advantages but also to the dol- 
lars invested in storage inventory. 

In our own system, if present plans 
materialize, investment in gas storage 
inventory within two years will be- 
come the second largest item on our 
balance sheet, exceeded only by the 
value of physical property. Large stor- 
age inventory investments appear in 
the balance sheets of other systems. 

Naturally an item of such magni- 
tude on the balance sheet of any com- 
pany gets a lot of attention from its 
management, its independent audi- 
tors, and the investors in its securities. 
Numerous questions must be an- 
swered. 

Summed up, the combined ap- 
proach of these various interests 
might be stated somewhat as follows: 


“Yes, we know there is gas in the 
fields. There has to be. It comes out 
in the winter, doesn’t it? But do the 
fields still hold all the gas your bal- 
ance sheet shows as inventory? 
How do we know it is there? Will 
it be recovered?” 

This combined approach may be 
resolved generally into five basic 
problems. There are: 

1, The safety of the gas in the stor- 

age field. 

2.The periodic determination of 

the quantity of gas in the storage 


fields. 


P 653. 


3. The recording of all gas removed 
from the storage fields by with. 
drawal for market or in any other 
way. 

4. The segregation of the storage in. 
ventory between fixed capital and 
current assets. 

5. The segregation of storage ex. 
penses from other operating ex. 
penses of the enterprise. 

The first question is “How safe js 

the inventory?” 

There is no longer any doubt within 
the industry that the gas in under. 
ground storage pools is perfectly safe 
except under unusual circumstances 
surrounding — pools, such as 
water encroachment. If any doubts 
did exist at an earlier date in a few 
quarters, the expansion of such opera- 
tions in the last decade is ample evi- 
dence that such doubts have been re. 
solved. The following is quoted from 
a recent report by KE. E. Roth, chief 
geologist of Columbia Gas System: 

“Once the field has been selected 
and secured, and found by study to be 
a closed sand reservoir and if all of 
the wells are properly equipped, there 
can be no appreciable loss of stored 
gas and, furthermore, native gas in 
varying amount, acting as a safety fac- 
tor, is still present in the reservoirs. 
Furthermore, these reservoirs held the 
original gas for almost countless ages 
and no change has taken place that 
would alter the physical reservoir in 
any way except the drilling of wells 
into it... . There is every reason to 
believe that if the casing and tubing 
of wells in the storage fields have been 
properly cemented and packed the 
pressures in the sand could be raised 
substantially above the original.” 

Discussions with other geological 
and operating personnel have indi- 
cated similar belief. 

Yes, within the industry we have 
assured ourselves that the gas inven- 
tory is safe; but the investment in 
stored gas is growing and the owner- 
ship of natural gas securities is wide- 
spread. The factors that have con- 
vinced those within the indusiry that 
our underground savings banks are 
safe today, and will continue to be so, 
must be presented in the most effec- 
tive manner for the benefit of inves- 
tors, bankers, and auditors who are 
not as familiar with natural gas opera- 
tions as we are. 


That is one of the operating aspects 
of gas storage accounting, namely the 
development by operating personnel 
of all possible data confirming the 
safety of the gas in the ground. 

The second point has to do with the 
periodic determination of the quan- 
tity of gas in the storage fields. Geol- 
ogists have been making estimates of 
the volumes of gas in the native gas 
fields for a good many years. The re- 
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sults to date have generally proved 
such estimates reasonably sound. 

The recovery of gas in a native gas 
field, however, has a cost relationship 
only to the dollar invested for lease- 
holds and wells, and this investment 
is written off as the native gas is re- 
moved. This removal happens only 
once. In the case of a field with say 10 
billion cubic feet of native gas and 
a property cost of say 6 cents per mil- 
lion cubic feet, the investment in the 
field would appreximate $600,000. 
That is the sum total of the money 
that must be recovered with the ex- 
haustion of the gas. 

Let us take the same field and con- 


vert it to storage with an annual input 
and — of 3 billion cubic feet. If 
this is Southwest gas carried to dis- 
tant storage fields, it would probably 
cost about 20 cents per thousand cubic 
feet. If the field is used for 30 years 
with that annual input and output, 90 


billion cubic feet will move in and out 


of the field and the gas handled by it 
will cost $18,000,000 or more. It can 
readily be seen that the compounding 
of a minor error over that many an- 
nual turnovers can add up to a sizable 
sum of money. 

This illustrates, I believe, the im- 
portance of the development of the 
very soundest methods for computing 
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the volume of gas in our storage in. 
ventories. This is true, notwithstand. 
ing the added difficulties of making 
such determinations because of varia. 
tions in input or output conditions in 
advance of rock pressure readings, 
such as additional well drilling, well 
cleaning, length of resting period, and 
others. 

With so many dollars involved, our 
auditors must have maximum assur- 
ance to aid them in certifying our 
statements, and those who invest in 
our securities are entitled to similar 
assurance. 


Many of you will recall the missing 
Canadian warehouse and drug inven- 
tory in the McKesson and Robbins 
case of a few years ago. The circum- 
stances surrounding that case afford 
ample justification for the auditor’s 
insistence on tangible evidence of the 
actual physical existence of the prop.- 
erty reflected on the books. 

Therefore, it is maintained that 
close attention should be paid to the 
development of the best methods of 
determining the volume of stored gas 
actually in a given pool at a given 
time, and operating personnel should 
gear their use of the fields in such a 
manner that they are available period- 
ically for the making of such deter- 
minations. It is not enough to merely 
show that the average rock pressures 
in a pool are so and so or that the de- 
livery from the field per pound lost in 
rock pressure is so much, unless the 
net result is the development of an in- 
ventory figure in thousand cubic feet, 
which can be matched within reason- 
able limits with the inventory shown 
on the books. 

That is another of the operating as- 
pects of gas storage accounting, name- 
ly, the development of the best meth- 
ods of determining the volume of gas 
in each of the storage pools as of given 
dates. 


Recording Withdrawals 


The third point has to do with the 
recording of all storage withdrawals 
or losses. A recent survey indicated 
not less than 12 ways gas might 
leave a storage field other than through 
a correctly measuring meter. There 
are probably others not in the list. All 
of these 12 ways are of such character 
that the loss or use is known by the 
operating personnel as it occurs, and 
the volume can be measured or accu- 
rately estimated. 

Assuming the development by the 
geologists of the very soundest meth- 
ods of determining the volume of 
stored gas in a pool, companies with 
extensive storage operations may be 
faced with some pretty substantial pe- 
riodic inventory adjustments if these 
losses or uses are not recorded as 
they occur. The list includes: 
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(a) Blowing wells and drips. 

(b) Gas used by free gas customers 
in storage areas, 

(c) Gas used to pay gas customers 
in storage areas. 

(d) Gas lost in drilling. 

») Gas used in drilling. 

) Well or line blowups. 

2) Gas lost in repairs to wells. 

) Inaccuracies of measurement. 

(i) Filling and purging lines con- 
necting new wells and lines. 

(j) Opening frozen lines. 

(k) Loss of gas from storage fields 
to company owned producing 
wells and not accounted for as 
storage. 

(1) Gas used by storage compres- 
sor stations in back of the 
measurement meter. 

here are other types of losses, such 

as line loss or well leakage, which 
may not be determinable as they oc- 
cur. These we may have to make in- 
ventory adjustments for as inventories 
are taken. The amount of such adjust- 
ments can be minimized, however, 
and the balance in storage as of any 
given date stated more accurately, if 
known losses or uses are accounted 
for as they occur. 

To accomplish this, operating per- 

sonnel should carefully report known 
losses or uses currently, and the vol- 


umes involved should be recorded as 
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withdrawals of the gas. 

This is a third operating aspect of 
gas storage accounting, namely, the 
current identification and reporting 
of known losses or uses of gas from 
the storage inventory. 

As of the first of 1951, the Federal 
Power Commission adopted some re- 
visions of its Classification of Ac- 
counts, the principal change being the 
inclusion of accounts and instructions 
for underground gas storage. The in- 
structions for the inventory account 
include the following: 

“As of the balance sheet date this 
account shall be segregated so that 
there shall be retained in this account 
only such amount as represents cost of 
gas appropriately classifiable as a 
currrent asset according to conven- 
tional rules of classification of current 
assets, not exceeding the estimated 
withdrawals of gas from storage for 
purposes of sale within the succeeding 
24-month period from the date of the 
balance sheet.” 

The intent of this provision is 
amply clear—the gas storage inven- 
tory shall be divided between that part 
which is to be removed currently and 
that which it is intended shall be left 
in the ground for pressure purposes, 
usually referred to as cushion gas. Al- 
though some companies have been fol- 





































of gas storage accounting 


a year or two, the regulation is so new 
that some will be faced with the prob. 
lem for the first time this year. 

The classification intends that the 
inventory cost of the gas represeiting 
the base volume or cushion shall be 
transferred to fixed capital. The cost 
of the remaining volume, which it is 
expected will be available for current 
delivery, is to be retained in the cur. 
rent asset accounts. 

In a substantially depleted field that 
is converted to storage operations, the 
cushion will consist of stored gas to 
a large extent, 

In a pool that is only partially de. 
pleted when devoted to storage, stored 
gas may constitute only part or none 
of the cushion. 

It is the job of the operating per- 
sonnel to advise the accountant re- 
garding the proportion of the total 
stored gas inventory that should be 
transferred to fixed capital. In de- 
veloping your recommendation it is 
strongly urged that an allowance be 
made for abnormally heavy with- 
drawals so that the balance retained 
in the current asset category will be 
sufficient to handle the winter’s deliv- 
ery without encroaching on the vol- 
umes that have been transferred to 
fixed capital. 

This is a fourth operating aspect 
» namely, a 
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careful approach by the operating 
personnel as to the segregation be- 
tween current and cushion gas in the 
storage inventory. 

The fifth and last point involves the 
segregation of operating expenses be- 
tween storage and non-storage. This 
point does not involve any action on 
the part of the operating personnel. 
Instead it has to do with explaining 
the thinking in back of some account- 
ing policies that some operating men 
occasionally complain about. 

The terms of the revised Federal 
Power Commission classification pro- 
vide that the only property that shall 
be considered as storage plant is that 
which is used wholly or predominant- 
ly for the storage of gas. The terms of 
the expense accounts provide that the 
only expenses that shall be treated as 
storage expenses are those incurred 
in operating these storage plant fa- 
cilities, and none of the costs of get- 
ting the gas to the storage fields shall 
be so treated. 

The usual complaint runs some- 
thing like this. “Well how is that fair? 
I am operating my compressor sta- 
tions (substitute transmission lines if 
you wish) all summer long pumping 
gas to storage, yet I am charged with 
the whole cost. Why isn’t that a stor- 
age expense?” 

Well that is a logical question, how- 
ever, it does call for a little analysis. 
During the several years that the 
cushion in a storage field is being es- 
tablished, maximum justice would 
probably dictate that you should be 
relieved of some of that cost. Cushion 
gas is not going to market. 

On the other hand, the storage pool 
in almost every case will be closer to 
market than the original source of the 
gas. A good many storage pools have 
their own compressor stations, which 
do the pumping into the pool against 
existing rock pressure. Such costs are 
charged to storage expenses, Once in 
the ground the cushion gas has the ef- 
fect of permanent horsepower in a 
place close to market and without 
doubt reduces future pumping costs. 


_ Where the gas pumped is not cush- 
lon gas, but instead is annual input 
and output gas, pumping in the sum- 
mer is merely reducing the pumping 
in the winter, and, as a better load 
factor is obtained, ultimate pumping 
costs are probably less. 

There are other aspects of gas stor- 
age accounting that might be worth 
discussing, but time will not permit 
going into them. 

If the points already covered can 
contribute to a better understanding 
of the joint needs of both operating 
and accounting personnel, the overall 
interest of the corporate enterprise 


and of the industry will be served. 
kk * 
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CUT CORROSION PROBLEMS 
DOWN TO SIZE... 


WITH TAPEGOAT 


—the Coal Tar Coating in Handy Tape Form 


— Sized to the job 


24’ wiptH 


TAPECOAT — the economical 
coal tar coating for ‘‘cigarette- 
wrapping'’’ mechanical cou- 
plings, large diameter pipe, 
joints, bends and drips. 


18’ wiotH 


Nod 11 OY een dal-Wm ol e-Yoa ifor-| motey-1| 
tar protection for ‘‘cigarette- 
wrapping" of large couplings, 
pipe bends, and joints on large 
rel T-Vanl-3¢-1ame)| oom 


6,4, 3, and 2” WIDTHS 


TAPECOAT — the distinc- 
tive, time-tested coal tar 
tape for spiral-wrapping 
welded field joints, service 
connections, pipe under 
streets and sidewalks, and 
pipe through building walls. 


For more than 10 years, Tapecoat engineers have 
specialized in pipe joint protection. Call on them to 
help you meet your individual requirements. Write 
today for complete details. 


The TAPECOAT Company 


Originators of the Coal Tar Tape for Pipe Joint Protection 
1537 LYONS STREET * EVANSTON, ILLINOIS 
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K nowzence of certain physical and 
chemical characteristics of crude oil 
is essential to the efficient movement 
of crude oil via pipe line. Properties 
such as gravity, viscosity, vapor pres- 
sure, sulfur and hydrogen sulfide con- 
tent, and BS&W content directly 
affect pipe line operations. These, and 
additional data such as ASTM distil- 
lations, product yield determinations, 
and detailed chemical analyses are 
of value to the refineries in their 
processing of the crude oils; but be- 
fore any of this information can be 
determined, it is necessary first to 
procure a representative sample of 
the particular crude in question. Due 
to stratification within crude oil 
storage tanks, the test samples are 
best obtained from a sample connec- 
tion on the pipe line, where a small 
portion of the crude can be bled off 
as it flows past the sampling point. 

The ideal representative sample 
would be a continuous sample whose 
rate is directly proportional to the 
rate-of-flow through the pipe line, 
and whose constituents and percen- 
tages thereof, are exactly the same 
as those of the crude in the flowing 
stream. This ideal sample would be 
collected and stored at line pressure. 
Samples that approach the ideal may 
be obtained either manually or auto- 
matically, each method having its par- 
ticular application. 

Manual sampling is satisfactory in 
cases where the sampling period is of 
short duration, or where there are 
only slight variations in the char- 
acteristics of the flowing crude. This 
type sampling is also used to detect 
the interface between adjacent batches 
of crude oils. For this purpose 
sampling at frequent intervals is 
started slightly in advance of the 
scheduled arrival of the new batch. 
The gravity of each individual sample 
is immediately determined by means 
of a hydrometer—a significant 
change in gravity being an indication 
of a batch change. 

for most other purposes automatic 
sampling is preferable to manual 

*Presented before The American Society of 
Mechanical Engineers, Petroleum Mechanical 


Engineering Conference, New Orleans, Louisi- 
ana, September 24-28. 


}Engineer, Service Pipe Line Company. 
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sampling from the standpoint of the 


reliability of results obtained from 
various tests run on the sample, as 
automatic sampling usually provides 
a more nearly representative sample 
than does manual sampling. There 
are a number of automatic samplers 
on the market that can be connected 
to a positive displacement meter such 
that a definite quantity of sample is 
taken per unit volume of oil flowing 
through the meter, thus collecting a 
sample that is proportional to the 
flow-rate through the pine line. The 
quantity per unit volume may be 
varied at the discretion of the user. 
If a positive displacement meter is 
not available, these same samplers 
may be connected through an electric 
time-cycle-controller, thus taking a 
constant-rate sample. Only where the 
rate-of-flow through the pipe line is 
essentially constant will constant-rate 
sampling give truly representative 
samples. Most of these samplers are 
of the intermittent type; that is, they 
take small “slugs” of oil during a 
short portion of their cycle, and take 
no sample at all during the remainder 
of the cycle. The length of the cycle 
varies from a few seconds to several 
minutes, depending upon the manu- 
facturer’s design and the conditions 
of operation. 

The automatic sampler with which 
we are concerned here, is a special 
purpose sampler designed to take a 
series of samples throughout a large 
pipe line system. These samples were 
to be taken at small field gathering 
stations and at junctions where field 
lines inject into main trunk lines, as 
well as at trunk line pump stations. 
The following. requisites were con- 
sidered in developing the sampler: 

A. Some samples would be taken 
at locations where neither electricity 
nor compressed air is available; con- 
sequently, the sampler must be com- 
pletely self-contained—relying on no 
external source of power for its 
operation. 

B. Sample periods of from one 
week to one month were anticipated. 
The size of the sample container had 
been established at approximately 10- 
gal capacity. This required sampling 
rates of from 1 cc to 4 cc per minute. 


C. The samplers were to be used 
on a system-wide basis, so they must 
be portable and easily installed. A 
sampler would remain at a particular 
location for a maximum of 30 days, 
after which it would be shipped to 
another sampling point. 

D. Samples would be taken from 
the pipe line at various pressures, the 
pressure varying from about 10 psig 
in some cases to as much as 1000 
psig in others. 

E. Water displacement sampling 
had been specified. 

F. The nature of the data to be 
obtained from the samples was such 
that constant-rate sampling would 
suffice. In the majority of applica- 
tions the rate-of-flow through the 
pipe line would be essentially con- 
stant; thus constant rate sampling 
would give representative samples. 

With these requisites in mind the 
development of the sampler was be- 
gun. Original intent was to connect 
the oil-inlet side of the sample con- 
tainer directly to the sample tap on 
the pipe line, and to control the flow 
of water from the container, assum- 
ing that 1 cc of erude oil would 
enter the container to replace each cc 
of water that was displaced there- 
from. Control on the water-outlet 
side would be obtained through the 
use of a pressure reducing valve, a 
diaphragm control valve, and a flow- 
control needle valve. This arrange- 
ment would keep the sample at line 
pressure and prevent vaporization of 
the light ends in the crude; however, 
it would require the sample container 
to withstand full line pressure, result- 
ing in a very heavy and expensive 
container for 1000 psig operation. In 
order to save weight and cost of 
fabrication the sample containers 
were designed for a working pres: 
sure of 50 psig, necessitating pressure 
reduction between the pipe line con- 
nection and the sample container. In 
order to insure satisfactory opera- 
tion of the pressure reducing an 
pressure control valves, filtering of 
the crude would be required. Filter- 
ing would remove a portion of the 
BS content from the sample; how- 
ever, this was not considered objec: 
tionable since BS _ determinations 
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600 hp, 1175 rpm motor driving crude oil pumps. 


OTOR RELIABILITY and freedom 
from routine maintenance ‘are 
now more essential than ever in the 
face of high costs and material short- 
ages. For full-time full-capacity oper- 
ation, you can rely on Allis-Chalmers 
tube-type totally-enclosed fan-cooled 
motors because: 


1. Self-cleaning action ~ due to gen- 
erous air flow through smooth, 
straight tubes — makes routine 
cleaning unnecessary. Besides, if 
cleaning is desirable, it can be done 
with the motor in operation. 


2. Complete enclosure protects stator 
core as well as other electrical parts 
from corrosive conditions. 

3. Full internal air circulation assures 


efficient, even cooling for maxi- 
mum motor life. 








Construction used up to 800 hp, 3600 rpm. 





Construction used for larger ratings. 


ALLIS-CHALMERS 


ube-Type TEFL 


MOTORS 


170,000 Hp Already Purchased 


In sizes from 250 to 2500 hp alone, 
purchases of these motors — intro- 
duced in 1946 — total more than 
170,000 hp. And practically 50% of 
orders now are reorders from satisfied 
customers. 

For more information about these 
operation-proved motors, call your 
A-C representative, or write for bul- 
letins 51R7149 and 05B7150. Allis- 
Chalmers, Milwaukee 1, Wisconsin. 


LLIS-CHALMERS 
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Standard and Explosion-Proof 


Tube-type air-to-air heat ex- 
changer construction may be 
obtained in standard and explo- 
sion-proof designs in sizes from 
40 hp at 600 rpm to several 
thousand horsepower. Ratings up 
to 800 hp at 3600 rpm are avail- 


able with Underwriters’ labels. 
A-3431 











FIG. 1. AUTOMATIC SAMPLER. 







CRUDE OIL PIPELINE 


A. GROVE MITY-MITE PRESSURE REDUCING VALVE 





B. RESEARCH CONTROL INSTRUMENT COMPANY 
DIAPHRAGM CONTROL VALVE 


No C. DICKSON MINICORDER 


D. 10-GALLON SAMPLE CONTAINER 


E. FLOW-CONTROL NEEDLE VALVE 





were not of primary interest in the 
crude analysis to be made. 

Fig. 1 shows the sampler in its 
original form. It consisted of the fol- 
lowing major components: 


A. 4-in. Grove model 94-WC 
Mity-Mite liquid pressure reducing 
valve with built-in 80-mesh screen 
wire strainer. 

B. 14-in. Research Control Instru- 
ment Company type 75 -diaphragm 
control valve. 

C. Dickson’ type 3 Minicorder, 
range 0-15 psig. 

D, 10-gal sample container. 

E. 14-in. flow-control needle valve 
on the water-outlet connection of the 
sample container. 


In January, 1950, this sampler was 
connected to the scraper trap on a 
trunk station discharge line that was 
operating at 750 psig. As the tests 
were conducted during the winter 
months, a mixture of 50 per cent 
alcohol in water was used as the 
medium to be displaced from the 
sample container, the alcohol being 
added to prevent freezing. With a 
line pressure of 750 psig the Grove 
valve was adjusted to give a reduced 
pressure of 100 psig, and the dia- 
phragm control valve was adjusted 
for a controlled pressure of 15 psig. 
The 14-in. flow-control needle valve 
was adjusted for a flow-rate of 1 cc 
per minute; however, within 10 min- 
utes the rate had decreased to 14 cc 
per minute. Within an hour the flow 
stopped completely. An examination 
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revealed the accumulation of a fine, 
rust-like material inside the needle 
valve. Apparently this material was 
being carried in suspension in the 
alcohol-water mixture. An improvised 
chamois skin filter was inserted be- 
tween the water-outlet connection and 
the 14-in. flow-control needle valve. 
This proved to be a step in the right 
direction. Although the flow-rate de- 
creased, it took 6 hr for the rate to 
change from 1 cc per minute to 14 
cc per minute. Nevertheless this 
slowdown made it evident that the 
chamois was passing solid particles 
of sufficient size to lodge in the valve. 
In an effort to find a valve with 
larger clearances at low rates of flow, 
numerous other types were tried with- 
out success. During the interim, the 
chamois filter became almost com- 
pletely clogged with foreign matter. 
The chamois skin was replaced 
with 120-mesh screen wire, and the 
flow-control valve was replaced by a 
10-in. length of 1/16-in. OD by 
0.008-in. ID copper capillary tubing. 
For the first 5 hr of operation there 


was no detectable slow-down; how-. 


ever, shortly thereafter the capillary 
tube became clogged, completely 
stopping the flow. Obviously the 120- 
mesh strainer was not filtering the 
water sufficiently; however, problems 
of a more serious nature were de- 
veloping. During the second hour of 
operation with the capillary tube, the 
controlled pressure rose slightly, in- 
dicating that the diaphragm control 
valve had completely shut-off; how- 


ever, water was still flowing fro. the 
tube at the set rate of 1 cc per min. 
ute. This indicated that the increase 
in pressure must have been caused 
by expansion of vapors and liquid 
within the sample container. In 
liquid throttling process of the type 
employed, pressure reduction jis 
accompanied by a temperature rise, 
resulting in vaporizing a portion of 
the light ends in the crude. A check 
into the expansion rate of water re. 
vealed that a temperature rise at the 
rate of 1 F in 20 minutes would 
cause a flow of approximately 1 cc 
per minute from the 10-gal con- 
tainer with no flow into the con- 
tainer at all. 


Thus, two factors that heretofore 
had been assumed to be of minor 
significance became of major impor- 
tance. The accumulation of vapors 
made it apparent that either the con- 
tainer would have to be considerably 
larger in order to accommodate 10 
gal of liquid crude plus the ac- 
cumulated vapors, or the vapors 
would have to be vented to the atmos- 
phere. In this particular instance a 
slight loss of light ends would not 
impair the samples, so venting was 
resorted to. This was accomplished 
by manually bleeding the vapors 
from the container once each 24 hr. 
Somewhat more difficult was the 
problem of nullifying the effect of 
liquid expansion and contraction due 
to temperature change. Maintaining 
the sample container at a constant 
temperature was thought to be im- 
practical for a portable sampler of 
this type. The problem was solved by 
placing all the controls, including 
the capillary tube, on the oil-inlet 
side of the sample container, thereby 
leaving the container at atmospheric 
pressure. Thus, the crude oil would 
flow into the container at a constant 
rate regardless of the liquid expan- 
sion or contraction therein. A water 
reservoir was placed on the outlet 
connection of the sample container to 
prevent air from being drawn into 
the container due to contraction of 
the liquid. 

In changing the capillary tube to 
the oil side, the need for more ade- 
quate filtering and for temperature 
control was immediately apparent. In 
order to be assured of clean oil 
through the diaphragm control valve 
and the capillary tube, a Purolator 
fuel filter type D-7-9 with wire: 
wound filter element having 0.002-in. 
spacing, was placed between the 
Grove reducing valve and the dia- 
phragm control valve. Changes ™ 
temperature have a marked effect on 
the viscosity of crude oil, which in 
turn greatly affects its flow character 
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jstics. For this reason temperature 
control was required. This was 
achieved in the following manner: A 
10-in. length of 1/16-in. OD by 
0.010-in. ID stainless steel capillary 
tubing was brazed into a 14-in. by 
11/-in. Ft nipple; about 14-in. of 
the capillary tube projected from one 
end of the nipple, with 8 in. pro- 
jecting from the other end. The long 
end of the capillary tube was inserted 
in a 14-in. by 12-in. nipple, and the 
two nipples were joined by a cou- 
pling (see Fig. 2). This assembly 
was then inserted in the piping be- 
tween the outlet side of the dia- 
phragm control valve and the oil- 
inlet side of the sample container. A 
Fenwal type 17000 Thermoswitch 
was then placed on the 12-in. nipple 
containing the capillary tube, and the 
entire assembly was wrapped with a 
layer of friction tape. Over this tape 
was wound an 18-in. length of No. 22 
nichrome wire. The wire was con- 
nected through the Thermoswitch, a 
d-c ammeter, and a fuse to a 6-volt 
automobile-type storage battery. The 
Thermoswitch was adjusted to main- 
tain a temperature of 100 F in order 
to keep crude paraffin in solution. 
Next, the entire capillary tube heat- 
ing element assembly was wrapped 
with 14-in. asbestos tape followed by 
a4-in. layer of rock wool. 

The first overnight test run checked 
about 25 per cent short, based on the 
average of three 5-minute check runs 
made immediately prior to the test 
run. A check on the sample-rate at 
the end of the test run showed it to 
be exactly the same as it had been at 
the beginning of the run. However, 
an examination of the controlled 
pressure chart revealed a number of 
periods, approximately 15 minutes 
in length, during which the pressure 
had been somewhat above the normal 
control pressure. Apparently solid 
particles of sufficient size to lodge in 
the capillary tube were passing 
through the Purolator filter. These 
particles were evidently restricting, 
and possibly at times completely 
stopping the flow. In all probability 

€ particles were being washed out 
of the tube from time to time, due to 
either the continued pressure differ- 
ential across them, or partial melting 


from heat applied to the capillary 
tube. 


The Purolator filter was replaced 
by a Fram type F-4 filter having a 
micronic paper element. In the past 
some difficulty had been experienced 
with the tendency of the Grove re- 
ducin ¢ valve to stick in the open posi- 
tion, so a 34-in. Crane catalog No. 
994.D “Y”.type strainer with a spe- 
cial 400-mesh monel element was in- 





FIG. 2. AUTOMATIC SAMPLER 
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serted ahead of the Grove valve to 
alleviate this trouble. 

After these changes had _ been 
made, three more test runs were con- 
ducted. The first run of 20-hr dura- 
tion checked 0.1 per cent short, the 
second run of 68-hr duration checked 
13 per cent over, and the third run of 
65-hr duration checked 6 per cent 
short. These percentage errors are 
based on the average of three 5-min- 
ute check runs made prior to each 
test run. The probable explanation 
of the apparent variation in the sample 
rates is that three 5-minute check 
runs are not sufficient to definitely 
establish the true sampling rate. 

In all the test runs up to this point, 
the sample-rate had been approxim- 
ately 1 cc per minute. The rate was 
increased to 3 cc per minute and a 
7-day test was begun. Due to exces- 
sive current drain from the battery 
the Thermoswitch was adjusted to 
maintain a temperature of 65 F in- 
stead of 100 F. A 1-hr check run was 
made just prior to the 7-day run, and 
numerous other ]-hr check runs were 
conducted during the week-long test. 
At the conclusion of the test the vol- 
ume of the accumulated composite 
sample checked 10 per cent short, 
based on the rate of the initial 1-hr 
check run. It is of interest to note 
that the amount of sample collected 
during each successive check run was 
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slightly less than that of the previous 
check run. It is felt that this slow- 
down was caused by the very grad- 
ual accumulation of paraffin inside the 
capillary tube. The major portion of 
the 10 per cent error was attributed 
to paraffin. Samples were to be taken 
during the late spring, summer, and 
early fall, so no difficulty was antici- 
pated in maintaining temperatures 
high enough to keep all the paraffin 
in solution. As time was short, no 
further tests were conducted. It was 
felt that the sampler had attained a 
sufficient degree of perfection to func- 
tion satisfactorily under actual oper- 
ating conditions. 

Fig. 2 shows this special sampler 
in its final form. Ten of these units 
have been fabricated and put in serv- 
ice; and, although no definite per- 
formance data are yet available, it 
is felt that the samplers are operating 
well within 10 per cent of their set 
rate. 

The flow-rate through the capillary 
tube will remain constant as long as 
the dimensions of the capillary tube, 
the pressure drop across the capil- 
lary tube, and the viscosity and grav- 
ity of the crude oil flowing through 
the capillary tube all remain constant. 
This is the principle on which the 
sampler operates. Maintaining a con- 
stant temperature within the capillary 
tube holds its dimensions constant, 
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and also keeps the viscosity and eray. 
ity of the sample crude constant, pro. 
vided these two characteristics of the 
crude flowing through the pipe line 
do not vary appreciably. Mainiain. 
ing a constant controlled pressure on 
one side of the capillary tube and 
atmospheric pressure on the other 
side provides a constant pressure 
drop across the tube. 

As with all other pieces of me. 
chanical equipment, this sampler has 
certain limitations, and must be op. 
erated within them. These limitations 
are: 


A. BS&W_ determinations cannot 
be made due to the required filtering 
of the crude, and the water displace- 
ment method of collecting the sample. 

B. A portion of the light ends in 
the crude is lost to the atmosphere 
because of continued venting. These 
light ends are vaporized due to pres- 
sure reduction and the addition of 
heat. The seriousness of this loss is 
questionable, as the majority of these 
vapors would probably be lost in 
tankage anyway. 

C. Marked variations in the vis- 
cosity of the crude oil flowing 
through the pipe line will cause ap- 
preciable variations in the sample- 
rate. 


D. Since for a given crude the 
sample-rate is essentially constant, 
the composite sample thus obtained 
will be proportional to flow-rate only 
when the rate-of-flow through the pipe 
line is constant. 


E. Adjustments for large varia- 
tions in sample-rate are difficult to 
make. A major change in sample-rate 
necessitates a change in the length of 
the capillary tube, or the installation 
of a different diaphragm spring in 
the control valve, either of which is 
a rather difficult job. On the other 
hand adjustments for slight changes 
in sample rate are comparatively easy 
to make. A change in the tension ad- 
justment of the spring in the dia- 
phragm control valve is all that is 
necessary. Changing the temperature 
setting of the Thermoswitch will 
change the sample-rate, but this 
method is not recommended. The 
Thermoswitch should normally be 
set at whichever of the following tem- 
peratures is the higher: 

1. The lowest temperature at 
which it is certain that all the 
crude oil will remain in 
solution. 

2. The maximum temperature that 
the sampler piping is likely to 
reach during the hottest part 
of the day. 

Using the higher of these two tem- 

peratures prevents paraffin accumu: 
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Tacaguan Pipe Line Proves Economical 


Purpose of the Tacagua products 
pipe line connecting Caracas and 
the seaport terminal at Catia de la 
Mar is to lower the transportation 
cost of bringing petroleum prod- 
ucts into Caracas. In his paper, 
Some Technical Aspects of the 
Tacagua Products Pipe Line, I. V. 
Tullar reported to the Third World 
Petroleum Congress that compared 
costs prove the Tacaguan line will 
yield a large saving. 

Design of the line incorporates 
the latest safety and labor saving 


devices, and several alternatives 
were studied before the final plans 
were drawn. The pumps are kept 
operating, and shut down during 
emergency, by an automatic con- 
trol system. Pumps are similarly 
protected from overheating or loss 


‘of pressure due to a line failure, 


Tullar, Creole Petroleum Com- 
pany, reported. Should the lubri- 
cating oil system fail, or if for 
some other reason the engines over- 
heat, they will be automatically 
shut off. 
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lation, assures constant temperature 
operation throughout the sampling 
period, and prolongs battery life, 
which at best is about two weeks, 
Higher temperatures than this cut 
battery life drastically and increase 
evaporation losses. 

To offset these limitations the 
sampler has the following advantages 
to offer: 

A. It is portable, easily fabricated, 
and easily installed. 

B. It is completely self-contained, 
requiring no external connections to 
a source of power. This allows sam- 
pling at any location where the crude 
oil is flowing under pressure. 


C. The sampler continuously 
bleeds crude oil from the pipe line; 
thus a small portion of all the crude 
flowing past the sample connection is 
collected in the sample container. 
Continuous automatic sampling has a 
slight theoretical advantage over in- 
termittent automatic sampling. 


D. It is adaptable to taking very 
small samples over comparatively 
long periods of time. It operates satis- 
factorily at sample-rates as low as lcc 
per minute. 

E. All component parts required for 
its fabrication are readily available. 


A slight change in design would 
make BS determinations possible. 
This would involve the removal of 
the sample container from its present 
location in the sampler piping, and 
its insertion between the sample tap on 
the pipe line and the Grove pressure 
reducing valve. With this arrangement 
only water would flow through the 
pressure reducing valve, the dia- 
phragm control valve, and the capil- 
lary tube; consequently filtering of 
the crude oil would not be required. 
This modification in design would 
eliminate the possibility of paraffin 
accumulating in the capillary tube. It 
would also eliminate variations in 
sample-rate due to changes in the vis- 
cosity of the flowing crude. As was 
pointed out earlier in this paper, such 
an arrangement would require the 
sample container to withstand full 
line pressure. The container should 
be well insulated in order to minimize 
changes in sample rate due to tem- 
perature change. As the sample con- 
tainer would be at line pressure, it is 
felt that the quantity of accumulated 
vapors would be negligible. 

Although this sampler has certain 
limitations, it is well suited for tak- 
ing samples at remote pipe line loca- 
tions, as the only requirement for its 
operations is that the crude oil be 
flowing under pressure in the pipe 
line. It has adequately fulfilled the 
purpose for which it was designed. 
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Design of an Unattended 


Automatic Booster Station” 


Cost of. building is about same as for attended 
station and economy is effected in operation 


J. P. HEDLIN? 


STANDARD O1t Company (Indiana), 
one of the principal stockholders 
of Wyco Pipe Line Company, has re- 
cently supervised the construction of 
an unattended automatic booster sta- 
tion on Wyco’s products pipe line 
from Casper, Wyoming, to Denver 
Colorado. This accomplishment is in 
itself a pioneer effort for our pipe 
line engineers and may be, to the 
best of our knowledge, a first in the 
industry. As this station has been 
in operation only a short time, since 
July, 1950, no overall operating and 
maintenance experience is available 
to date; however, the station was 
given a rigorous series of trial runs 
and it functioned as designed. 

The author has reason to believe 
that the pipe line industry in gen- 
eral is more than mildly interested in 
unattended automatic booster sta- 
tions. In these times of rising operat- 
ing costs, it is becoming necessary for 
the industry, in general, to provide 
more service at less cost to maintain 
its competitive position, hence the en- 
trance of the unattended automatic 
pumping station. This type of sta- 
tion has an economic advantage over 
its predecessor (the attended station) 
however, the question of economy 
through the use of unattended auto- 
matic stations should be examined 
for each individual case. 

In our case, a small station of only 
250 hp. it was found that the total 
cost of the station as built was no 
greater and possibly less than the cost 
of a similar attended station. These 
savings were realized because of econ- 
omies in the building, the heating 
plant, and the foundations, which off- 
set the added expenditures for the 
hecessary automatic equipment. In 
the desien of this station, the sole pur- 
pose of the building is to protect the 
operating equipment from the 
weather. This design principle pre- 
tute Tesented before American Petroleum Insti- 
pees products Pipe Line Technology Confer- 

» St. Louis, Missouri, September 11-13, 1950. 


iEngincer, Standard Oil Company (Ind.), 
Products Pipe Line Department. : 
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cludes, therefore, the necessary fa- 
cilities that are required at an at- 
tended station. The result is a simple 
prefabricated steel structure. 

As the station is unattended, we 
have eliminated the heating plant, the 
water well, and other facilities that are 
required at a station where personnel 
is required on duty. This has also 
effected a savings. Because of the type 
pump used, which will be explained 
later, an appreciable savings was also 
effected in the foundations. This sta- 
tion also has the advantage over a 
conventional type station of realizing 
a saving of approximately $20,000 to 
$25,000 per year in operating labor. 
As a result of these facts it is evident 
that in this case the unattended auto- 
matic station had marked advantage 
over fully manned station. 

The primary considerations in the 
design of an unattended automatic 
booster station are the pumping equip- 
ment and the controlling devices. The 
basic requirement of the pumps is 
that they can be operated without 
danger of an external product leak in 
the event of a gland (or seal) failure. 
The pump that meets this requirement 
is the stuffingboxless type. As the 
motor and pump are completely en- 
closed in a pressure-tight bolted case, 
the stuffingbox and packing have been 
eliminated. This does away with the 
principal cause for operational attend- 
ance and maintenance such as re- 
quired by conventional pumps having 
stuffingboxes and packing. 

One of the salient features in this 
type pump is the mechanical seal be- 
tween the motor and the pump. The 
motor, including its bearings, op- 
erates completely submerged in an en- 
closed pressure chamber filled with 
transformer oil, which is used for the 
dual purpose of insulation and lubri- 
cation. Leakage across the mechanical 
seal is so regulated that it occurs only 
from the motor side to the pump side, 
preventing any product from leaking 
into the motor casing. This is accom- 
plished by the transformer oil at a 
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FIG. 1. 


higher pressure than the product suc- 
tion pressure at all times when the 
pump is in operation. While the unit 
is shut down the pressures in the pump 
case and the motor case are equal, and 
under these conditions the spring 
tension on the mechanical seal pre- 
vents leaking from the pump side to 
the motor side. To protect the pumps, 
a pump diaphragm switch is installed 
in each pump to shut down the unit 
automatically when the reserve supply 
of motor insulating and cooling oil 
approaches depletion. 

To date these units have been manu- 
factured in only the 125-hp size, which 
has obviously limited the size of fully 
automatic stations. One prominent 
pump manufacturer has indicated a 
willingness to manufacture this type 
of pump up to and including the 
400-hp size. The reluctance of manu- 
facturers to produce this pump in 
large sizes was based on the difficulty 
of cooling the motor. Until a reason- 
able demand is created for stuffing- 
boxless pumps in sizes over 125 hp, 
the price will be high since the manu- 
facturers will have to offset their cost 
for research and engineering. 

The unattended automatic booster 
station constructed by our engineers 
is a two unit, 250-hp station capable 
of pumping 18,500 bbl per day of 0.73 
specific gravity gasoline at a pressure 
of 215 psi per unit or a total of 430 
psi for both units. The station was 
named Bear Creek and its location 
can be seen in Fig. 1. This station in- 
corporates a control system for com- 
plete automatic operation of the 
pumps in accordance with the setting 
of a master control switch, which can 
be set for either one unit, two units, or 
no units operating depending upon 
the desired line throughput. It is es- 
sentially a pressure controlled station 
and will pump so long as the upstream 
station supplies sufficient pressure. 

In Fig. 2 we have shown the profile 
for the Wyco Line. Normally the pro- 
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file would not assume any great im- 
portance in the operation of a pump- 
ing station; however, in the case of 
Bear Creek station, the profile cannot 
be overlooked. It will be noted from 
an examination of the profile that the 
static head on Bear Creek station is 
500 psi (gasoline). As one unit of this 
station can develop a shutdown head 
of only 315 psi (gasoline), which in 
itself is not sufficient to overcome the 
static head, it is readily apparent that 
some provision must be made to pre- 
vent the pumps from spinning and as 
a result overheating. This problem 
was solved by installing a mercury 
pressure switch on the discharge side 
of the station. This pressure switch is 
set to open at 530 psi and close at 
700 psi. This means that when the 
discharge pressure with the station 
operating drops to 530 psi, the switch 
will open and shut down the station. 
The station will remain inoperative 
until the pressure as supplied by the 
upstream station rises to 700 psi, at 
which time the switch will close and 
place the station in operation. 


Fig. 3 shows a diagrammatic view 
of the station piping. It will be noted 
from an inspection of the piping ar- 
rangement that the pumps have been 
installed in such a manner that when 
not in operation, flow is directed 
through the pump sump and the check 
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FIG. 2. Wyco pipe line. 


valve bypass. The divider gates are in 
the main line, which necessitates shut- 
ting down the station, and opening 
these gate valves whenever scrapers 
are run; however, runs are so infre- 


quent that this procedure imposes no 
serious problem. The strainer shown 
is only a coarse mesh of four openings 
per inch. 

It will be noted from Fig. 3 that 





















































FIG. 3. Flow diagram—Bear Creek station. 
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) y The YALE BLANKING UNION 
for Oil and GAS SERVICE 


Pioneered by -R-€ for ge 
the Pipeline Industry 















TWO PIECES The new Blanking Plug Union 

consists of only two pieces and seals tightly. at the 

first contact between the “O” ring and the mating surface of the cap. 
No hammering is required. Operation is fast and simple. ae 


LIGHTER AND STRONGER The two-piece design is besically Typical installation of Yale 
lice a id th h Blanking Plug Union on 
ighter, stronger and more rigid throughout — maximum » | COL Medesstel “Aes 
protection against damage and distortion is obtained by : the-line” Strainer. Avail- 


the “cast-in” rib design. - able in sizes from 4” to 


SAFE Yale Unions seal perfectly at low or high pressures 
without “brute-force”. tightening. A positive seal is obtained by 
“snapping up” the caps with a snap wrench provided for this 
purpose. “O” rings are securely held in their grooves — 

they cannot fall out accidentally. 





LOW COST The simple two-piece design of Yale Unions results 
in better performance on the job and also means a far lower 
first cost and lower maintenance costs. 


blowdown valve installations. This 
union is much lower in cost and much 
easier to operate than flanges or any 
other type of quick-opening union. 


Order Yale Blanking Plug Unions from your nearest C-R-C Warehouse. en eee eee ot ae 


ion Cross section of 
Eee C-R-C Horizontal 
BRE bs Strainer showing 
Yale Union installa- 

tion. Available in 

sizes from 4” to 36”. 





CRUTCHER . ROLFS . CUMMINGS. “ING. é 


Pipe Line Equipment and Supplies 
HOUSTON, TEXAS sa0)G-y:Wame) 46-Vaeyy-\ 





two Mercoids are installed on the dis- 
charge side of the station. The control 
Mercoid, as previously explained, pre- 
vents the discharge pressure from 
falling below hill pressure with one 
unit operating. The one labeled “high 
pressure Mercoid” is installed to shut 
down the station when the discharge 
pressure exceeds the maximum allow- 
able operating line pressure; namely, 
1200 psi. This Mercoid is set to trip 
at 1220 psi. 

The low pressure Mercoid on the 
suction side of the station is set to 
open at 200 psi and close, at 700 psi. 
When two units are operating and the 
upstream station is shut down, the suc- 


tion Mercoid will open to shut down 
Bear Creek station. When one unit is 
operating and the upstream station is 
shut down, the minimum discharge 
pressure is reached before the suction 
pressure reaches its minimum, there- 
fore, the control Mercoid stops the sta- 
tion. Reset of the low pressure and 
control Mercoids is set at 700 psi. This 
means that the upstream station will 
have to supply 200 psi more than the 
static condition to put Bear Creek sta- 
tion on the line. All three of these con- 
trols are electrically connected in se- 
ries, which requires all of them to be 
in a closed position for the station to 
operate. 








THE VERY LATEST 


Williamson Pipe Line Pigs” 
FOR CLEANING 
NATURAL GAS PIPE LINES 








When the station is set for overa. 
tion and sufficient pressure is present 
to close the control Mercoid and the 
low pressure Mercoid, the first unit 
will start. Simultaneously with the 
starting of the pump, the motor op. 
erated discharge valve begins to open. 
The motor-operated discharge valve 
takes 45 sec to reach the full open 
position and as it approaches iis full 
open position, the bypass check valve 
is closed due to the differential pres. 
sure created by the pump. As a safety 
feature, we have installed a delay 
timer that will shut down the unit 3 
the motor operated valve does not 
reach its full open position in one min- 
ute and 15 sec. This device was de- 
signed to prevent the pump from 
running against a closed valve, which 
might happen if the motor-operated 





‘‘Invasion’’ Pipe Tested 


Aluminum invasion pipe, first 
cousin of aluminum irrigation 
pipe, has just finished its basic 
training in Uncle Sam’s Army. 
Army engineers and Aluminum 
Company of America have com- 
pleted tests of aluminum inva- 
sion pipe to determine the suit- 









4” Size—TYPE JRN—2” to 4” sizes will pass 11/2 R- 
90° Bends. No valves other than full diameter thru 
port valves. 





ability of aluminum pipe lines 
for carrying fuel, oil, and water 


Use TYPE SCN-51 for 6” size. 





*Patents Pending 





8” Size—TYPE WC-11—8” to 14” will 
traverse 6 foot radius field bends, full 
diameter side openings at 45°. 


SPRINGS COMPENSATE for BRUSH WEAR. 


20” Size—TYPE GP-2—16” to 
30” 200 -Ib. SPRING forces the 
brushes against pipe wall—COM- 
PENSATING for WEAR. Will tra- 
verse round opening gate or plug 
valves. 





SPRINGS and BRUSHES are iden- 
tical and interchangeable for all 
types and sizes of GP-PIGS. 


24” Size—GP-3—18” 
to 30” sizes will pass 
1% R-30° bends. 
SPRINGS COMPEN- 
SATE for BRUSH WEAR 
ASSURING full section 
cleaning efficiency. 
GP-3 consists of two 
Type GP-1 Pigs. Each 
unit may be used as 
individual pig. 
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TULSA 9, OKLAHOMA 
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to operation areas of a mobile 
army and an emergency-based 
air force. Advantages of alum- 
inum invasion pipe seemed to 
be: Rapid laying of pipe line, 
ease in transport of fluids, re- 
duction of the traffic problem in 
a congested battle area; conser- 
vation of fuel and, most impor- 
tant, its light weight. 











valve failed to open. When a unit 
stops, the control wiring is so at 
ranged that the motor operated valves 
will close; however, in the event of a 
failure, the motor-operated valve will 
remain open until power is restored. 
If this condition develops; namely, 
power failure at the station, the dis- 
charge valve remains open, flow then 
is automatically directed through the 
pump sump and check valve as pre- 
viously shown in Fig. 3. 

As an added safety feature, each 
unit has an incomplete sequence relay 
installed in its control wiring. This re- 
lay prevents the pump from attempt 
ing to start again if it failed to com- 
plete its starting cycle for any reason. 
For instance, if the motor-operatet 
valve failed to reach its full open post 
tion in one and a quarter minutes the 
unit would stop and the valve wou 
close. The incomplete sequence relay 
would prevent the unit from attempt 
ing to start again until manually reset. 

















A. The Rosson- 


Richards Pipe 
Coating and 
Wrapping 
Plant at Cor- 
pus Christi, 
Texas. 


B. The WATE- 


KOTING ma- 
chine in opera- 
tion. WATE- 
KOT E is 
‘*sprayed'' 
onto the pipe 
by means of 
high-speed 
belts at high 
impact velocity 
to obtain max- 
imum compac- 
tion. 


Cc. 30” primed 


pipe ready for 
coating and 
wrapping. 


for protection and 
weighting 


Wherever pipe coating and wrapping are to be 
done, Rosson-Richards is prepared to move in 
and do the work right on the job—with the proper 
equipment, the trained men and the technical 
‘“‘*know-how.”’ Rosson-Richards Companies have 
had years of practical experience behind them— 
assuring you of highest quality workmanship. 

If pipe is to be laid in water, swamps, or in rivers, 
WATE-KOTE—the Rosson-Richards high-density, 
high-strength pipe coating—is the answer. WATE- 
KOTE was developed by the Rosson-Richards Proc- 
essing Company. 


Advantages of WATE-KOTE 


Extremely high bulk density. 

The compressive strength of WATE-KOTE is nearly 
double that of ordinary concrete and consequently 
WATE-KOTE is far less apt to be damaged while 
transporting, stacking and handling. 

WATE-KOTE is not affected by waters of high alka- 
linity or acidity. 

WATE-KOTE requires only a 48-hour curing period, 
thus permitting faster installation of the coated 
pipe. 

WATE-KOTE machines are portable and can be set 
up near the actual job, thereby eliminating the 
cost of shipping heavy coated pipe. 

WATE-KOTE may be used on thin wall pipe to gain 
the necessary weight, rather than using a heavy- 
wall pipe. This results in savings in steel and pipe 
costs and welding. 

With WATE-KOTE the weight is distributed over 
the entire length of pipe and not concentrated at 
certain points, such as is the case where cast iron 
or concrete river clamps are used. 


ROSSON-RICHARDS COMPANY 
ROSSON-RICHARDS PROCESSING CO. 
CORPUS CHRISTI « JACKSON, MISS. « HOUSTON 
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Each pump unit has under voltage 
time delay relays that will prevent the 
unit from being shut down due to mo- 
mentary voltage dips. This relay will 
trip two seconds after voltage failure. 
A voltage dip will cause the motor 
starter to drop out and stop the motor, 
but if voltage is restored within two 
seconds, it will start again without go- 
ing through a complete shutdown and 
starting sequence. 

If the second pump is to be used it 
will start 10 min after the first pump 
starts and in the same sequence. This 
delay between the starting of units al- 
lows the first unit ample time to load 
up and accelerate the stream. The 
pumps are started across the line with 
{40-volt oil-immersed combination 
starters with solenoid operated con- 
tactors. Each motor feed circuit is 
connected to an open and reverse 
phase relay, which trips when the 
power supply reverses phase or has 
one of its phases open. The action of 
either relay will shut down both units. 

To assist the operating personnel, a 
series of graphs similar to the one 
shown in Fig. 4, which is for gasoline, 
was constructed. These graphs relate 
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FIG. 4. Wyco capacity curve, Strouds to Cheyenne and Denver. 
Gasoline 60 API, .75 centistokes. 





Installation of pipe lines of great 
length and capacity has been made 
feasible by development of large- 
diameter high-strength pipe, to- 
gether with progress in welding 
and laying techniques, Paul E. Noll, 
Consolidated Western Steel Com- 
pany, Los Angeles, California has 
reported. In his paper titled Large- 
Diameter High-Strength Pipe for 
Oil and Gas Transmission, given 
before the Third World Petroleum 
Congress, Noll reviewed the charac- 
teristics of available high-strength 
pipe and their relation to pipe line 
design. 

Noll also discussed the means of 
increasing strength, and the charac- 
teristics and processes of manufac- 





Gas Transportation Aided by High Strength Pipe 


ture of the most common type of 
high-strength pipe, namely ex- 
panded or cold-worked pipe. 

The effect of expansion is ex- 
amined, as affected by amount of 
deformation and chemical compo- 
sition of the steel. Also described 
is an effective yield strength test of 
a section of pipe, in which inci- 
dental observations were made by 
means of a brittle coating. The im- 
portance of avoiding surface dam- 
age is emphasized. 

Manufacture of large diameter 
high strength pipe is of major 
economic significance, the author 
believes, and adds that notable 
progress has already been made in 
its development. 
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PELICAN WELL TOOL & SUPPLY CO. 


P. O. Drawer 1108 
Shreveport (84), La. 
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the discharge pressure at the origin 
station (Strouds) to the volume 
pumped by the station. Referring to 
Fig. 4, it will be noted that three 
groups of curves each containing 
three curves were plotted. The three 
groups are: No units operating at Bear 
Creek, one unit operating at Bear 
Creek, and two units operating at 
Bear Creek. The three curves in each 
group represent the two extremes and 
the average for the terminal receipts. 
The value of this curve to the operator 
lies in the fact that for any given 
pumping rate, number of units op- 
erating at Bear Creek, and terminal 
delivery, he can quickly determine his 
discharge pressure at the origin sta- 
tion. From the dispatcher’s point of 
view, these graphs are invaluable in 
that for any required pumping rate 
and terminal delivery, he can prede- 
termine and preset the number of units 
to be operated at Bear Creek during 
any month for a given tender of 
products. 

Although this paper has been pre- 
pared without the benefit of an ex: 
tended period of station operation, 
the design has served a definite pur 
pose in providing additional capacity 
at a remote location and to date has 
proved entirely satisfactory. This 1n- 
stallation may well be the prototype 
for similar improved pumping sta 
tions that will operate without per 
sonnel on duty. 

The significance of this step cannot 
be ignored in view of the increasing 
high operating costs. eee 
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WIRE TO- 


TURBINE PUMPS 


WATER EFFICIENCY THAT LASTS 





The rated efficiency of a vertical turbine pump is so much sales talk... The real test is 
sustained, high wire-to-water efficiency .. . Efficiency which results from sound engi- 
neering, good design, and the best manufacturing methods. Johnston Vertical Tur- 
bine Pumps have been achieving these high standards for over forty years . . . During 
that time constant improvements in design have resulted from the study of thousands 
of water works pumping applications . . . This basic, in-service data has been used by 
Johnston engineers to develop a truly balanced pump, designed for long life and sus- 
tained high efficiency ... And, Johnston engineers will gladly supply complete details 
about the dependable, economical operation, with resulting savings, you can expect 


from a Johnston Vertical Turbine Pump installation. 


JOHNSTON PUMP COMPANY 


3272 EAST FOOTHILL BOULEVARD, PASADENA 8, CALIFORNIA 
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Improving the Recovery of Oil 
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Abstract 


Great progress has been achieved 
during the past two decades in the 
development of methods for improv- 
ing the efficiency of oil recovery. The 
record of past accomplishment en- 
courages the belief that further prog- 
ress may be anticipated as a result 
of continued research. Oil recovery 
research is devoted both to studies on 
methods for reducing production 
costs and on methods for the improve- 
ment of recovery efficiency. It has 
been estimated that a reduction of 1 
per cent in the present recovery limit 
will add more than 1 billion barrels 
io the world’s recoverable oil reserves. 

The Bradford field, New York and 
Pennsylvania, is cited as an example 
of the successful application of sec- 
ondary recovery methods, and of the 
opportunities that exist for the devel- 
opment of improved oil recovery tech- 
nology. In this field the application 
of secondary methods has served to 
increase the primary recovery of oil 
by 1.7 times. However, it is known 
that some 750 million barrels of high 
grade crude oil will not be recovered 


by the secondary methods currently . 


employed. 

The equation of radial flow is pre- 
sented, and its application to studies 
of methods which may improve oil 
recovery is discussed, The most im- 
pressive opportunities appear to lie in 
the control of permeability values and 
in the reduction of viscosity of the 
reservoir fluid. 

Some of the methods that are being 
considered or are being applied in 
small scale field tests for the pur pose 
of increasing the recovery of oil are 
listed as follows: 

1. The Atlantic high pressure gas 
injection process, which is currently 
being employed in a pilot plant test 
in Crane County, Texas. 

2. The injection of inert gases, 

+Presented at the Second Oil Recovery Con- 
ference, A & M College of Texas, April 19- 


20, 1951. 
*Houston, Texas. 
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which is being carried on in fields in 
Kansas and Wyoming, but which has 
not progressed sufficiently to provide 
dependable quantitative data. 

3. The application of heat to reser- 
voirs, which has interesting possibili- 
ties in connection with the under- 
ground gasification of coal. 

4. The extraction of oil by solvents, 
which appears to be feasible where 
hydrocarbon solvents can be used and 
and where it is not necessary to sepa- 
rate completely the solvents from the 
crude oil in the field. 

5. The combined injection of gas 
and water, which in the Bradford field 
indicates may result in an improve- 
ment in recovery of from 10 to 15 
per cent. 

6. Chemical flooding, which in- 
cludes: (a) the use of surface active 
compounds to increase injective 
capacity and to increase oil recovery; 
(b) the important application of car- 
bon dioxide. which in numerous lab- 
oratory tests and in one field test has 
indicated a notable increase in effi- 
ciency in oil recovery, and, (c) treat- 
ments designed to increase relative 
permeability to water in the reservoir 
at input wells and to increase the rela- 
tive permeability to oil at producing 
wells, 

7. The release of oil by bacteria, 
which up to the present has provided 
more A teacher 8 on the origin of oil 
than on the recovery of oil. 

Promising possibilities have been 
indicated for some of these tech- 
niques, but it is impossible at the pres- 
ent time to evaluate completely their 
future application or their relative 
importance. 


Durine the past two decades great 
progress has been achieved in the de- 
velopment of methods for improving 
the efficiency of oil recovery. Some of 
these improvements have been the re- 
sult of accidental discovery, but the 
majority, in the writer’s opinion, can 
be attributed to engineering research 


that is being continued by many oil 
companies and institutions of higher 
learning. The record of recent accom- 
plishment provides promising encour- 
agement that continued progress in oil 
recovery technology may be antici- 
pated. 

Oil recovery research currently re- 
ceiving wide attention by the oil in- 
dustry is devoted principally either to 
the development of methods for re- 
ducing production cost or to a search 
for new methods for the improvement 
of recovery efficiency. Reduction in 
cost may apply either to development 
or to operation. Improved recovery 
can result from any method successful 
in causing greater uniformity of fluid 
movement through hetereogeneous 
reservoirs or in a reduction in the re- 
sidual oil content left in the reservoir 
at the time of abandonment after the 
application of the most effective meth- 
ods now known. 

There is rather general agreement 
that under most conditions the water 
drive and the gravity drainage produc- 
ing mechanisms will yield a superior 
recovery of oil. Even under the most 
favorable conditions, however, these 
mechanisms leave unrecovered from 
20 to 30 per cent of the total pore vol- 
ume. Dr. Morris Muskat', one of the 
best informed authorities on oil reser- 
voir behavior, has estimated that a 
reduction of 1 per cent in the present 
recovery limit will increase the world’s 
recoverable oil reserve by more than 
1 billion barrels. 


Improved Oil Recovery 
Technology 

A review of the recovery of oil from 
the Bradford field, New York and 
Pennsylvania, will serve to illustrate 
the magnitude of some of the oil re- 
serves that have been obtained in the 
past and that may be obtained in the 
future by the application of improve 
recovery techniques. 

The Bradford field is one of the 


world’s largest oil fields producing 


THE PETROLEUM ENGINEER, Reference Annual, 1951 





B 
th 
















wa «+ a wee oe 





























Probably more than you care to think about. 
But when power failure is at fault this costly 
threat can be eliminated. The answer: 


A planned power distribution system! 


When you modernize existing plants or 
build new ones, plan a system that insures 
service Continuity ... that gives you a/ternate 
power routes when electrical troubles occur. 
Moreover, make sure the system will be flexible 
...to permit load shifts and allow expansion 
without shutdown. 

The Primary Selective Network shown on 
the opposite page is an example of a system 


that gives you this important service con- 








HERE’S REAL HELP FOR YOUR SYSTEM PLANNING 


Westinghouse 


HOW MUCH OOES 17 COST 


when a distilling column 
goes down ? 


tinuity and flexibility. But this is just one of 
the many systems you'll want to consider. Each 
has specific advantages depending on your 
particular operation. And Westinghouse can 
help you and your plant contractor design the 
system that best fits your requirements. 


To help you make preliminary decisions 
we've prepared informative material covering 
all systems. Write for yours now. And re- 
member, when you’re building or moderniz- 
ing, call in your Westinghouse engineers. 
With wide experience in power problems they 
can help you plan the one best system for your 
particular operation. - -J-94855 


“Industrial Plant Distribution Systems”: 34 fact-filled pages completely 
explain the eleven basic systems. Ask for B-4045. 


A System Selector: pocket-sized selector card quickly shows the char- 


acteristics of each type. 


A Full-Color Movie: sound movie dramatizes the economies of system 


planning. Ask your Westinghouse representative for a free showing. 


Get this valuable information now. Call your Westinghouse office or 
write: Westinghouse Electric Corp., P. O. Box 868, Pittsburgh 30, Pa. 


you can 6e SURE.. iF iTS 

























from one continuous reservoir. It cov- 
ers some 85,000 acres on which have 
been drilled over 35,000 producing oil 
wells and around 18,000 water injec- 
tion wells. Oil was discovered in the 
Bradford field in 1871, and the peak 
of primary production was reached in 
1881 when almost 23,000,000 bbl of 
oil were obtained. 

The total oil production from the 
Bradford field to the end of 1949 has 
been slightly over 524,000,000 bbl. 
Of this amount some 254,000,000 bbl 
are estimated to have resulted from 
primary production, and some 270,- 
000,000 bbl have resulted from sec- 
ondary production. It is estimated that 
the remaining secondary reserve of 
the field amounts to some 68,000,000 
bbl and it is considered possible that 
an additional recovery of some 93,- 
500,000 bbl may be obtained by im- 
proved production techniques such as 
higher injection pressures and the iso- 
lation of barren sand sections, and 
under a favorable crude price sched- 
ule. The oil recovery that may be ob- 
tained from the Bradford field as a 
result of secondary water flooding 
operations, therefore, may amount to 
some 431,500,000 bbl, which will 
mean that oil recovery will be in- 
creased by 1.7 times. Secondary water 
flooding will yield, it is believed, 
slightly over 5000 bbl per acre of 
additional oil for the entire area of 


the field, which compares with a pri- 
mary recovery of slightly less than 
3000 bbl of oil per acre. 

Average reservoir conditions and 
oil recovery results obtained in the 
Bradford field are listed as follows: 


Per cent of 
pore volume 
Estimated original connate 


water content .................. 20 
Estimated shrinkage ............ 15 
Estimated original oil con- 

at  oeeee...................... 65 
Primary oil recovery by dis- 

solved gas drive................ 15 
Secondary oil recovery by 

water flooding .................. 20 
Residual oil content after 

water flooding .................. 30 


At the present time much of the 
Bradford field is in the final stages of 
secondary depletion, notwithstanding 
the fact that the reservoir contains a 
residual oil content of approximately 
750,000,000 bbl of some of the most 
valuable crude oil in the United States. 


The Equation of Radial Flow 


Any consideration of methods for 
the improvement of oil recovery effi- 
ciency will benefit from a review of 
the factors that control the movement 
of fluids through porous rocks. The 
flow of oil through a porous reservoir 
to a well depends on the permeability 
of the formation to oil, the thickness 
of the formation, the viscosity of the 
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oil, the distance that the oil must move 
to reach the well, the diameter of the 
well bore, and the pressure differen. 
tial that is created while fluid is beino 
produced. In a reservoir, where oil js 
flowing radially from all directions 
toward a well, the rate of flow may 
be calculated by the following equa. 
tion: 


K X 22 X t(P, — P,) 
we X Loge (r,/r,) (1) 





Q = 
Where: 


() is the rate of flow of the oil in 
milliliters per second, 
K is the permeability of the rock 
in darcys, 
x is 3.1416, 
t is the thickness of the rock in 
centimeters, 
P, is the static or closed-in reser- 
voir pressure in atmospheres, 
is the bottom-hole pressure in 
atmospheres when the well is 
flowing at rate Q, 
p is the viscosity of the oil in 
centipoises, 
Log.is the Naperian logarithm, 
r, is the radius of the drainage 
area in centimeters, 
r, is the radius of the well bore 
in centimeters. 


It should be evident that the fluid 
flow equation can be applied either to 
a well producing fluids or to one re- 
ceiving them. Actually it can be ap- 
plied to the field operation of water 
injection wells with greater certainty 
than to a producing oil well, for a 
water injection well receives water 
only, whereas an oil well may be pro- 
ducing a composite mixture of oil, 
water, and gas that can render a lab- 
oratory determination of “K” to be 
meaningless. Also, in a producing oil 
well the value “r,” may not be deter- 
mined with precision because of geo- 
logic conditions, but for an injection 
well the average distance to which 
pressure effects may be extended out- 
wardly through the reservoir can be 
calculated from a knowledge of the 
porosity of the formation, its fluid 
content, and the cumulative volume of 
water injected. 

The control of the amount and rate 
of fluid injected in secondary recov- 
ery or pressure maintenance opera- 
tions is very important to insure the 
maximum economic recovery of oil. 
To produce oil from a reservoir by 
secondary methods it must be dis: 
placed and moved largely by extran- 
eous force. Similarly, in order to 
maintain pressure in fields possessing 
a substantial part of their original 
reservoir energy, but where expansion 
of free gas or encroachment of water 
may not be effective, fluid must be 
replaced as it is withdrawn. Control 
of the injection rate, therefore, is one 
of the factors that helps to control 
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recovery. Various characteristics of 
the reservoir rock and of the reservoir 
(uid have a composite effect on fluid 
injection into oil-bearing rocks. These 
efects may be modified by the man- 
ner in which both input wells and pro- 
ducing wells are comp!eted, by the 
manner in which they are equipped, 
by the pressure differential that is 
created, and by the manner in which 
oil and gas are withdrawn. These 
modifying effects can be controlled 
better by the operator than the in- 
herent characteristics of the reservoir 
and the reservoir fluid. 

Obviously, it will be impossible to 
alter geometric constants, the thick- 
ness of the reservoir, or the logarith- 
mic value in the radial flow equation. 
Also, it may not be practical to reduce 
existing well spacing or to enlarge 
well bore diameters, and it is well 
known that the pressure differential 
that can be applied to any reservoir 
is limited definitely by the danger of 
pressure-parting of the formation or 
of bypassing of the injected fluid. 
Therefore, it will be apparent that the 
most promising opportunities for im- 
provement in the rate of fluid move- 
ment and oil recovery should be found 
in the development of methods that 
will help to control permeability 
values and to reduce the viscosity of 
the reservoir fluid. 

An increase in “K” will have a simi- 
lar effect on rate of flow to an increase 
in the pressure differential. This is 
accomplished in present practice by 
the use of explosives, by the acid- 
treatment of carbonate reservoirs, and 
by a rupture of the rock resulting 
from the injection of a liquid possess- 
ing a very high viscosity. Both shoot- 
ing and acid-treatment will tend to 
increase the well bore diameter, repre- 
sented by the value “r,”. The hori- 
zontal effects of shooting and of hy- 
drafrac treatment is to produce open 
fractures through which reservoir 
fluid may move to the well bore more 
effectively. In consequence, a general 
increase of the “K” value throughout 
tight sections of the reservoir will per- 
mit the movement of oil which, other- 
wise, would be impossible under the 
existing conditions of pressure differ- 
ential. Such possibility is of tremend- 
ous importance in considering any 
plan to improve recovery from many 
of the thick carbonate reservoirs 
Where it is very likely, under natural 
conditions, that only a minor fraction 
of the reservoir is making any sub- 
stantial contribution to oil recovery. 

It is certain that a reduction in 
crude viscosity will facilitate the rate 
of recovery. Whether the ultimate re- 
covery will be improved is not known 
with certainty, but it is probable if the 
*conomics of recovery are considered. 
It is well known that highly viscous 
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Black or all Rust-proofed. Pressures to 
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ORDER BY TRADE NAME FROM YOUR LOCAL JOBBExR 


ORIGINATORS AND PIONEERS OF STEEL UNIONS SINCE 1912 


CLAYTON MARK & COMPANY 


1900 DEMPSTER STREET + EVANSTON, ILLINOIS 


THE PETROLEUM ENGINEER, Reference Annual, 1951 














HESE VALVES “can take it: 








_.. =. NORDSTROM SCREWED GLAND TYPE 
Made in sizes from 4” and larger | boy Made in sizes from 4” and smaller 
_ in semi-steel and Nordco steel : . :' _in semi-steel and Nordco steel 





U N EXPOSED SEAT Fully protected from the line fluid, thereby avoiding corrosion and erosion 
POS ’ T IVE ROTARY ACT ION Quarter-turn of tapered plug fully opens or closes 
AU TOMATIC LU BRICATION Hypermatic insures constant feed and pressure 





Nordstrom Merchrome (oo! 
valves in mud line 


; Hypreseal valves in Nordstrom valves in gas recovery section 








“meter runs, in Illinois in a cat cracker 








} 
| 
| 
| 








A 


fi } All Temperatures...... eeeresures............) AH Was 
IN TOUGHEST SERVICES 


»@ \ —150° to + 1000°F. ) VACUUM TO 15,000 LB. TEST 


i bid i et NN ———— 
¥ 7 
wR, 





Aa ag 











NORDSTROM HYPRESEAL TYPE 


Made in sizes from 12” to 24” in Nordco carbon 
and alloy steel for pressures to 15,000 Ib. test 
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Start replacing troublesome valves with Nordstroms 


They maintain lubricant pressure for longest 
periods so they keep in excellent condition, 
ready to operate, always easy to open or close. 
Nordstroms can be depended upon, in the 
toughest services, as attested by the countless 
installations in most of the Nation’s pipe lines, 
and in practically every industry. 


The best offense against leakage is a good de- 
fense. Bring up your present lines to top-notch 
condition by replacing old, troublesome valves 
with Nordstroms rather than trying to “patch” 
with valves that will again need replacement. 
By using Hypermatic lubricant, Nordstroms re- 
: coo quire only occasional attention, because Hyper- 
i matic gives the valves automatic lubrication. 

Ask for literature 
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oils may not respond successfully to 
pressure restoration systems as the 
amount of pressure required to move 
the oil at an economic rate will exceed 
the ability of the rock to withstand 
rupture. As a resutt, pressure parting 
will take place, which can destroy all 
desirable uniformity in the movement 
of the injected fluid. 






























































High Pressure Gas Injection 

During the past year (1950) re- 
ports of experimental work conducted 
by the production research depart- 
ment of the Atlantic Refining Com- 
pany have indicated that reservoir 
crude viscosity may be decreased sub- 









































stantially by resaturation with light 
hydrocarbons at elevated pressures. 
Consideration of the equation of 
radial flow, as previously indicated, 
will show that a reduction in viscosity 
will benefit the rate of recovery, and 
particularly under conditions where a 
high pressure differential is main- 
tained. Improvement in ultimate oil 
recovery has been indicated by a pilot 
plant field test currently (1951) in 
progress in Crane County, Texas. This 
test is regarded as being so successful 
that a large scale field operation will 
soon be undertaken. 

The Atlantic process consists of the 
injection of large volumes of high 
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pressure gas, containing substantial 
quantities of the intermediate hydro. 
carbons—ethane through heptane— 
which are required to produce desir. 
able solubility effects. Pressures in ex. 
cess of 3000 psi appear to be neces. 
sary from laboratory data to produce 
the desired effects, but it is believed 
that such pressures will not result jn 
excessive bypassing because of more 
advantageous viscosity relations, 
Pressures in such range will probably 
restrict use of the process to the 
deeper reservoirs, however, where 
dangers from pressure parting phe- 
nomena are not so acute. Laboratory 
experiments indicate that improved 
oil recovery may be obtained because 
of: 

a. the retrograde solubility effects 
that account for enrichment of 
the gas with intermediate boil- 
ing range hydrocarbons. 

b. the subsequent solution of these 
intermediates in the “down- 
stream” oil to a high volume, 
relative to the original. 

c. the viscosity change as a result 
of enrichment of gas and svwell- 
ing of oil. These viscosities are 
much closer together than occur 
in the virgin state, enhancing the 
displacement efficiency. 

Promising possibilties for the suc- 

cessful application of the high-pres- 
sure gas injection process would seem 
to exist in the deeper reservoirs that 
possess sufficient strength and rigidity 
to withstand the indicated pressures. 


Injection of Inert Gases 


The injection of inert gases has been 
undertaken recently for pressure main- 
tenance in fields where sufficient nat- 
ural gas is not available or where air 
cannot be used successfully on ac- 
count of corrosion problems. Elimi- 
nation of oxygen, also, is considered 
desirable because of the reduction in 
the hazards of explosions. 

In the Elk Basin, Wyoming field’, 
where the injection of nitrogen was 
commenced in March 1949, the use of 
inert gas was decided to be necessary 
because of the shrinkage of the casing- 
head gas resulting from the removal 
of condensable hydrocarbons and 
from the removal of large quantities 
of hydrogen sulfide. The removal of 
these gases did not leave a sufficient 
residue of hydrocarbon gas to main- 
tain pressure in the Tensleep reservoir 
at the desired rate of production. 
Other sources of natural gas supply 
were not available, and sufficient water 
could not be obtained for pressure 
maintenance purposes at reasonable 
cost. 

Nitrogen and other inert gases are 
obtained by burning the residue gas 
with a correct mixture of air, after 
hydrogen sulfide, carbon dioxide, and 
most of the condensable hydrocarbons 












have been removed. In this operation 
the removal of the high content of 
hydrogen sulfide and its conversion to 
free sulfur is an important economic 
item. Because of lower solubility of 
nitrogen in the reservoir crude in 
comparison with methane and other 
light hydrocarbon gases, it is believed 
that the use of nitrogen for pressure 
maintenance may result in a better 
displacement of oil than would be the 
case if hydrocarbon gases were used 
exclusively. Field results are not sufh- 
ciently advanced to provide results 
that may be compared with similar 
operations where compressed natural 
gas is injected to maintain pressure. 


Application of Heat 


The application of heat to oil reser- 
voirs has interesting possibilities, and 
various attempts have been made in 
the past to inject hot water or hot 
gases to reduce the viscosity of the 
crude oil or actually to vaporize it and 
to recover fractionated hydrocarbons 
at producing wells. None of these 
heating projects, as far as is known. 
have been successful due to high cost 
and to the deposition of carbon in the 
pore spaces of the reservoir resulting 
from the cracking of the crude oil 
molecules. 

Recent laboratory experiments* 
have indicated that relative permea- 
bility of the reservoir to water may be 
increased permanently in some in- 
stances by over 200 per cent by tem- 
porary heating of the rock to a tem- 
perature of around 235 F under the 
moderate pressure. Thereafter, these 
tests have shown, the use of cold water 
may be commenced or resumed, as 
the case may be, with no loss of per- 
meability to water. If field application 
of this heating process to water flood- 
ing operations should be effective in 
the manner that the laboratory work 
has indicated, the results will be of 
great economic significance. Increas- 
ing the relative permeability of the 
reservoir to water in the immediate 
periphery of the bore of the injection 
well, would permit a great increase in 
water injection rate with no increase 
in water pressure, thus preventing the 
possibility of pressure parting of the 
formation. Also, such change in rela- 
live permeability might remove the 
necessity for shooting the reservoir in 
injection wells. 

The most fascinating possibility for 
the use of heat in the recovery of oil 
has been proposed during the past year 
(1950) by Frederick Squires®. Squires 
has noted that failure in previous 
reservoir heating experiments prob- 
ably has been due to the small amount 
of heat that could be applied in pro- 
porticn to the great bulk of the rock 
Involved. From studies that he has 
made at the experimental under- 
ground coal gasification project of the 


Alabama Power Company and the 
Bureau of Mines, situated at Gorgas, 
Alabama, it has been found that some 
10,000,000 cu ft of gas at a tempera- 
ture of 1700 F are produced daily. In 
this operation it has been demon- 
strated that the volume of gas at this 
high temperature can be produced al- 
most indefinitely. It has also been 
shown that the hot gas will move 
through permeable sandstones above 
the burning coal bed and that it can 
be brought to the surface through open 
holes that have been drilled through 
them. It is believed that if these sand- 
stones had happened to have been oil- 
bearing rock most of the oil would 











have been brought to the open holes 
in the vapor phase. 

Squires has noted that many of the 
oil-producing areas of the United 
States are situated in coal basins 
where the oil reservoir rocks are in 
reasonably close proximity to coal 
beds. He suggests that hot gases can 
be produced underground and in- 
jected directly into the oil reservoirs 
without first bringing the gas to the 
surface. The oil would be vaporized 
in large part by the high temperature, 
and would move to the producing 
wells and thence to the surface in the 
vapor phase where it could be recov- 
ered and partially refined. 
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Solvent Extraction 


Another ‘method whereby the vis- 
cosity of the reservoir crude might be 
reduced, and which might provide, in 
addition, a scrubbing action on the 
reservoir surface, is by the injection 
of solvents, either in the form of con- 
densable gases or as liquids. The in- 
troduction of solvents could be fol- 
lowed by conventional gas or water 
injection. 

The economic aspects of solvent ex- 
traction appear attractive in areas 
where low cost hydrocarbon solvents 
are available. Special means for sepa- 
ration of hydrocarbon solvents from 
the crude oil might not be necessary 
in all cases. Solvent present in the gas 
phase at the well head would be re- 
coverable in connection with the usual 
processing of the separated gas. Sol- 
vent remaining in the crude oil could 
be recovered if required by a crude 
stabilization process. Hydrocarbon 
solvents remaining in the oil, however, 
should be marketable along with the 
crude. A large proportion of the in- 
jected solvent should be recoverable 
by direct displacement in reasonably 
uniform reservoir rocks, and losses by 
diffusion could be expected to be com- 
pensated by greater oil recovery. A 
final blow-down of the reservoir 
should release other portions of sol- 
vent temporarily blocked from flow 
streams. 

Recalling the familiar technique in 
which samples of oil reservoir rocks 
are cleaned for various laboratory 
tests by solvent action, it eould be ex- 
pected that a high degree of recovery 
of oil might be obtained by this 
process. 

High gravity crude oil, during a 
period of over-production, has been 
stored successfully in shallow Cali- 
fornia reservoirs that possess high 
permeability and that contain heavy, 
high viscosity crude that drains very 
slowly into wells. Subsequently, when 
an attempt was made to obtain the re- 
covery of the high gravity oil, much 
more oil, of an intermediate gravity, 
was recovered than had been injected, 
and it was indicated that for the area 
effected by light crude injection, the 
recovery of the heavy oil had been im- 
proved substantially. 

Beginning in 1929, when a plan for 
the unit operation of the Masjid-i- 
Sulaiman oil field was adopted, the 
Anglo-Iranian Oil Company, over a 
period of about 6 years, returned ap- 
proximately 30,000,000 bbl of surplus 
refined products to the reservoir. 
These products — chiefly light tops, 
natural gasoline, and fuel oil—are 
accumulated at the refinery during 
periods of limited market demand, 
and are blended at the surface prior to 
injection. After several years of injec- 
tion of refined products, it was found 


E-14 


that they tend to diffuse in the crude 
oil remaining in the reservoir, and by 
so doing have been responsible for the 
recovery of substantial quantities of 
crude that, otherwise, would have been 
irrecoverable. 


Combined Gas and Water 
Injection 


Laboratory investigations® over a 
period of several years have shown 
that substantial improvement in oil 
recovery may be obtained by the in- 
jection of alternate volumes of water 
with gas. The improved recovery ob- 
tained by this process is produced in 
a shorter period and requires the in- 
jection of smaller quantities of gas. 
As might be expected, increase in the 
total liquid saturation in the reservoir 
will retard bypassing of injected gas 
and, thereby, should result in lower 
produced gas-oil ratios. Several field 
tests of alternating gas and water in- 
jection currently (1951) are in oper- 
ation. 

Several investigators’® have re- 
ported that the presence of free gas in 
the reservoir has a beneficial effect on 
oil recovery by water flooding. The 
effect of ‘the gas has been to produce 
lower residual oil saturations than 
could be obtained by flooding alone, 
and laboratory tests are reported to 
have shown an improvement in oil 
recovery of up to 50 per cent by the 
establishment of a free zone of high 
gas saturation in the reservoir prior 
to the injection of water. It is believed 
that the beneficial results obtained 
from prior gas injection are due to 
several factors, among which may be 
cited: 


a. the occupation of space in the 
reservoir by gas that otherwise 


would be filled with residual oil. 


. an increase in mobility brought 
about by changes in the relative 
permeability values, and by a re- 
duction in the viscosity of the 
reservoir crude. 


c. a swelling of reservoir fluid as 
the result of solution of gas. 


d. the selective filling of the more 
permeable sections of the reser- 
voir with gas bubbles (the Jamin 
effect) ahead of the water thus 
reducing bypassing tendency of 
the injected water. 

The South Penn Oil Company has 
been injecting natural gas into the oil 
reservoir of the Bradford field, Penn- 
sylvania, on several of its properties 
for a period of over 10 years. This 
technique was adopted in part as a 
gas conservation measure to insure an 
adequate supply of fuel for production 
purposes over an extended period of 
time. South Penn does not consider 
the oil recovery effects obtained to 
date to be sufficiently conclusive to 
justify publication. It has released 


data®, however, on one project situ- 
ated in the southern part of the Brad. 
ford field where some gas had been 
injected over a period of 3 months 
into the sand after water had heen 
going into the formation for several 
years. Thereafter, water injection was 
resumed in the normal manner. It has 
been estimated that oil recovery will 
be increased from 10 to 15 per cent by 
the combined water and gas injection 
over what would have been obtained 
by conventional flooding alone. 


In 1944 Frederick Squires’ first 
proposed secondary recovery by 
simultaneous injection of gas in the 
central part of a field possessing low 
structural relief, and the injection of 
water around the edge. He, also, pro- 
posed an ideal method of pressure 
maintenance for fields situated on 
well-defined anticlinal structures in 
which gas is injected in wells situated 
at the highest part of the structure and 
water is injected contemporaneously 
slightly below or at the existing water- 
oil contact. The method proposed by 
Squires first received a field test, as 
far as is known, in the West Tepetate 
field, Louisiana by the Barnsdall Oil 
Company (now Sunray Oil Corpora- 
tion) where water injection was com- 
menced in 1946 and gas injection was 
commenced in 1947. Results of sig- 
nificant importance have been ob- 
tained from this project, and it is 
indicated to be one of the most suc- 
cessful pressure maintenance projects 
in the United States. 


Chemical Flooding 


It has been known for some time 
that certain chemicals, particularly 
those possessing the property of re- 
ducing the surface tension of water, 
even at very low concentrations, will 
increase the recovery of oil in water 
flooding experiments. These com- 
pounds are referred to frequently as 
being “surface active” as a result of 
their behavior at a liquid surface. 
When they are mixed with water, their 
molecules exhibit the remarkable tend- 
ency of collecting at the contact be- 
tween the liquid and a solid or be- 
tween the liquid and a gas. Thus, 
when the normal surface of water 
molecules is replaced by these totally 
different groups of atoms, the physi- 
cal relation between the water and 
anything with which it is in contact 
is changed radically." 

Artificial control of interfacial ten- 
sion between water and oil by the use 
of surface tension depressants has s0 
far failed in practical application be- 
cause of the tendency of the chemical 
to be absorbed on the solid surface. 
The advancing water front, therefore, 
is depleted of these reagents before 
any beneficial effects can be realized. 
The amount of chemical that will be 
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required to provide for effective pene- 
tration of a reservoir and its cost has 
been, in consequence, entirely out of 
proportion to the value of the addi- 
tional oil that might be obtained. 


In recent years a group of surface 
active compounds, consisting of ethy- 
lene oxide condensations of fatty 
amines, have been developed by 
Armour and Company that show 
promising possibilities for use in con- 
nection with water injection opera- 
tions.’ These compounds, in labora- 
tory tests, have shown very encourag- 
ing ability to retain their surface ac- 
tive properties after months of contact 
with pulverized oil sands. In other lab- 
oratory tests they have shown remark- 
able ability to reduce oil saturations 
to very low levels. In a current field 
test (1951) their use has increased the 
rate of underground fluid movement 
from input wells to producing wells 
substantially with no increase in in- 
jection pressure. 


Use of Carbon Dioxide 


Another promising chemical recov- 
ery process, that is receiving a field 
test in a watered-out area in Allegany 
County, New York, is the injection of 
carbon dioxide in water solution. 
Original discoveries on uses of carbon 
dioxide in solutions and mixtures as 
an aid to oil recovery have been made 
by James W. Martin** over a period 
of several years. Martin has discov- 
ered that under certain ideal condi- 
tions of pressure and temperature car- 
bonic acid will react with some of the 
constituent compounds of crude oil 
to produce unstable solvents or sur- 
face active compounds, thereby caus- 
ing certain parts of the oil to act as a 
solvent or displacing agent unto itself. 
When the fluid is brought to the sur- 
face and the pressure is reduced in a 
separator, these compounds in large 
part will break down into crude oil 
and the combined gas, which may be 
reused after it is separated from gas- 
eous hydrocarbons. Laboratory tests 
have been successful in reducing oil 
saturations in reasonably homogene- 
ous sands down to the low level of 
from 8 to 5 per cent of the total pore 
volume. Also, it has been indicated 
that the permeability of the reservoir 
rock to oil is increased, which can 
serve to increase the rate of oil re- 
covery. 

Some of the possibilities for the use 
of carbonic acid to improve the re- 
covery of oil have been discussed re- 
cently by George Weber.’* The cur- 
rent field test of the process in Alle- 
gany County, New York, has been in 
operation for about 18 months, dur- 
ing which time a production of oil 
has resulted that is 10 times greater 
than that obtained from adjacent flood 
units that are effected only by conven- 
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tional water injection. The high re. 
covery efficiency indicated by over 
1000 laboratory flooding testis with 
carbonated water has been confirmed 
by engineering studies of the analyses 
of cores obtained from the area effect. 
ed by the carbonic acid injection. 

The results obtained to date from 
the use of carbonic acid encourage the 
belief that this process may be applied 
successfully to watered-out and margi- 
nal areas in the Penn Grade territory. 
and elsewhere. Currently, a carbonic 
acid injection project is being com. 
menced under excellent control in a 
Bartlesville sand field of northeastern 
Oklahoma, and studies are in progress 
in the southwest to determine a 
promising -field for an experimental 
injection of carbonic acid into a lime- 
stone or dolomite reservoir. Labora- 
tory work indicates that the injection 
of carbonic acid may be particularly 
effective in carbonate reservoir rocks, 

There is also the important and at- 
tractive possibility of changing rela- 
tive permeability of the reservoir by 
some form of direct chemical treat- 
ment of the reservoir surface both at 
injection and producing wells. If, for 
instance, it should be possible to in- 
crease permeability to oil and to de- 
crease correspondingly permeability 
to water, the economic possibilities for 
producing more oil profitably from a 
reservoir that has been depleted by 
conventional water flooding would be 
enhanced greatly. Such treatment 
might require penetration by the treat- 
ing agent for only a few feet in the 
immediate periphery of the well bore 
of producing wells to result in a large 
reduction in the produced water-oil 
ratio, Similarly, an increase in rela- 
tive permeability to water, as men- 
tioned previously, in the injection 
wells should serve to improve ma- 
terially the injectivity index with no 
increase in injection pressure and. 
very possibly, might eliminate the 
necessity for the use of explosives in 
input wells. 

All measures for the control of rela- 
tive permeability will require effective 
isolation of the horizons to be treated 
and, subsequently, to be produced. 
Valuable chemicals, and. in arid 
regions, water itself cannot be wasted 
by injection into zones where no bene- 
fit can be anticipated. 


Release of Oil by Action 
of Bacteria 

From laboratory work*® it has been 
known for several years that certain 
bacteria will promote the release of 
hydrocarbon substances from roc 
surfaces. This is accomplished, so it} 
believed, by the creation of solvents 
that promote the separation of ail 
from the minerals making up sedi- 
mentary reeks, by the production © 
gases and surface active compounds 
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that will assist in the removal of oil, 
or by the actual replacement of an 
attached oil film by swarms of micro- 
organisms. It has been suggested that 
cultures of various bacteria might be 
introduced into oil-bearing rocks to 
facilitate recovery. Up to the present 
time extensive experiments on the 
effects of bacterial action have been 
more useful in providing information 
on the possible origin of oil and gas 
than on how the efficiency of recovery 
may be improved. Laboratory tests 
have demonstrated the release of hy- 
drocarbons by the action of bacteria 
from samples of Canadian tar sands. 
but as far as is known no recovery of 
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crude oil has been obtained in the 
laboratory that would encourage the 
injection of bacteria cultures into oil 
reservoirs in connection with water 
flooding operations. However, the 
variety of bacteria available for test 
purposes are so extensive that research 
in the possible application of micro- 
biology to oil recovery is being con- 
tinued. Probably the most important 
factor effecting the possible use of 
micro-organisms in water flooding is 
the question of time. It would appear 
to be essential that the action of any 
culture would have to be sufficiently 
rapid to be adaptable to ordinary oil 
production practice. 
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Concluding Statement 


Certain interesting new techniques 
for improving the efficiency of oil re. 
covery have been considered ir this 
paper. Promising possibilities have 
been indicated for some of these tech. 
niques in experimental and pilot-plant 
field tests, but it is impossible at this 
time to evaluate completely their 
future application or their relative im. 
portance. It is notable, however, that 
the results of extensive research and 
investigation indicate the probability 
that no single standardized technique 
will be developed that can be applied 
with equal success to all oil reservoirs, 
In so many cases differences 1n reser- 
voir characteristics between fields are 
far more impressive than similarities. 
For that reason it should be empha- 
sized that the recovery possibilities of 
each field should be considered from 
the standpoint of its own reservoir 
characteristics rather than from any 
apparent or suspected resemblance to 
others. 
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To succeed in our efforts toward in- 
ternational leadership in world peace 
by virtue of strength, we have a ma- 
jor task yet to complete. Although 
many elements of our industrial, po- 
litical, and social economy have been 
well studied and substantially planned, 
the primary natural resource of water 
is yet to be adequately measured for 
availability, thoroughly studied for 
distribution and comprehensively pro- 
tected by intelligent utilization. Our 
ultimate industrial strength may well 
be dependent upon the availability 
of water. 

Irrigation of farms, processing of 
foodstuffs, operation of air condition- 
ing and refrigeration equipment, pro- 
duction of pharmaceuticals and medi- 
cines, power generation and, conse- 
quently, the overall industrial facility 
of the nation requires abundant, inex- 
pensive, chemically clean, relatively 
cold water. In recent weeks much has 
been written concerning critical local 
shortages in water supply. The nation- 
al press has carried front page copy 
describing the near-disastrous short- 
age in Metropolitan New York City 
resulting from decreased rainfall in 
the area. In recent years the effect of 
gradual declining underground water 
tables has focused attention on major 
industrial centers including Dayton. 
Toledo, Louisville, Peoria, and Chica- 
go. In vast areas of the south and 
west, from the earliest days, water has 
been regarded as a limiting factor in 
industrial development. 


An effort to confine our present dis- 
cussion to the problem of industrial 
Water conservation in the midwestern 
United States, directing particular, at- 
tention to the involvement of the pow- 
ft industry, accentuates the complex- 
ty of the basic problem. Statistical 
data are rapidly being accumulated 
mM usable form. Sources of collateral 
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WATER CONSERVATION(: 


Industry uses huge quantities of water and the need for it 


increases — we must not waste this basic natural resource 


RAYMOND C. KELLY* 


data are being tapped for pertinent 
facts. Although correlation may be 
difficult, concerted effort by all con- 
cerned will shorten the time required 
to effect satisfactory solutions. The 
power industry can well afford to take 
the lead, demonstrating by efficient, 
well-engineered applications that im- 
proved technology can avoid dissipa- 
tion of a basic natural resource. 

It is not appropriate that engineers 
quietly accept unqualified generalities 
such as “large chunks of our country 
are running out of water” or “in sev- 
eral areas water levels have dropped 
55 ft in 6 years” or “the Louisville wa- 
ter table is down 40 ft in 10 years.” 
We must develop accurate data cou- 
pled with intelligent analysis and spe- 
cific recommendation. Federal agen- 
cies, state commissions, and local 
groups have become aware of the im- 
portance of industrial plant conserva- 
tion measures. The active attack on the 
problem has already begun. Aggres- 
sive pursuit must follow. It is not good 
management to wastefully use water 
when invocation of water conserva- 
tion methods can reduce the slope of 
the operating cost curve. Growth in 
demand load reflects directly the in- 
dustrial growth and population in- 
crease of a geographical area. With- 
out effective procedures for water con- 
servation, the natural laws of dimin- 
ishing returns are invoked. With but 
one common source of supply, the 
necessity of mutual approach to the 
problem is self-evident. 

Omitting statistics from new plants 
built during the period of 1939 to 
1949 it is apparent that the use of wa- 
ter by established basic industries in 
the midwestern area has increased 
over 40 per cent in the past decade. 
Of the total water consumption in the 
average large industrial plant 53 per 
cen is used for cooling, 31 per cent 
used in process, 8 per cent in boiler 
feed water, 5 per cent for sanitary 
purposes, and approximately 3 per 
cent for miscellaneous demand. In the 
major industries, increases in total 


THE PETROLEUM ENGINEER, Reference Annual, 1951 






water requirements are estimated for 
the 10-year period ending in 1949 as 
follows: 


Aircraft and auto.............. 82 per cent 
Medical supplies ................ 73 per cent 
.. =e 58 per cent 


Machinery and Tools........ 52 per cent 
Electric power generation 51 per cent 


Chemical and drugs.......... 45 per cent 
Iron and steel.................... 45 per cent 
EE hasiiiepaiesseicsnerhanenined 38 per cent 


The establishment of new midwest- 
ern industry within this 10-year pe- 
riod accounts for an additional 12 per 
cent on the water resources of the 
area. 

Although the total power generat- 
ing facility of the country is divided 
into 4 major categories for statistical 
analysis, we must keep in mind that 
those plants dependent upon surface 
water or underground water constitute 
96 per cent of the total installed capac- 
ity. Our present production of energy 
comes 50 per cent from coal, 32 per 
cent from oil, 14 per cent from natural 
gas and a round number 4 per cent in 
hydro developments. In the average 
steam turbine plant, 92 per cent of the 
water requirement is for condenser 
cooling. With the power industry be- 
ing encouraged to increase its gross 
generating capacity at a rate of 5,000,- 
000 kw per year for each of the next 
10 years, a new water supply of 10,- 
000,000 gal per minute may be re- 
quired. Restrictions on the use of sur- 
face water, resulting from public wel- 
fare activity in the development of 
fish and game preserves, stream pol- 
lution abatement, and public health 
programs, dictates this increased wa- 
ter requirement be developed, in the 
majority, from underground sources. 
Yet available data indicates a current 
withdrawal exceeding natural replen- 
ishment in most industrial areas. 

Our present average gross con- 
sumption of water is approaching 800 
gal per day per capita. If only the 
power industry water requirement be 
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@ Yes, for nearly six decades the petroleum industry hes 
come to expect this of Black, Sivalls & Bryson: 


EFFICIENCY .. . for faster installation, lower costs, 
less maintenance, improved product, increased safety. 


RELIABILITY .. . for longer service life, unvarying 
results, high accuracy and to eliminate labor-waste. 





Better methods and better equipment for you is the BS&B 
objective. You can, with perfect confidence, call in your 
BS&B Man in the future as in the past. 


BA a ee ee: ae ee oe 


nent 


Division, Rm. 202C 2131 Westwood Blvd. Oklahoma City, Okla. 
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considered or if only, by itself, the 
other industrial water load be consid- 
ered, we might not be so actively con- 
cerned. When confronted with a con- 
stantly increasing population, how- 
ever, with its domestic demand, we 
face, at the same time, the problem 
of developing an additional 100 gpm 
per capita supply within the area in 
the next 10 years. Although equating 
this total demand against our average 
30 in. of rainfall per year over the 
continental land mass shows that we 
have developed facilities to utilize 
only 2 per cent of the total precipita- 
tion, we find the cost of water con- 
serving equipment to be generally less 
than the cost of developing new 
sources of raw water. An extreme case 
at point is the new Key West, Florida, 
5000 kw steam-turbine unit for which 
fresh water supply is pumped 150 
miles through a 14-in. diameter pipe. 
A cooling tower is here definitely in- 
dicated. 


On both coasts and across the north- 
ern third of the Mid-Continent area a 
gradual decrease in measured rainfall 
is recorded over the last 50 years. Wis- 
consin shows a decrease of 3.48 in. per 
year, New Jersey a decrease of 3.81 
in. per year and Oregon a decrease of 
3.81 in. per year. This is not yet es- 
tablished as a positive trend but is de- 
serving of critical analysis before con- 
templated reservoir replenishment is 
accepted for power production. with- 
in any one locality. 

Statistics from the December 1950 
publication of the Economic Policy 
Division of the National Association 
of Manufacturers covering basic in- 
dustrial requirements on water use 
per unit of product are excerpted as 
follows: 











Average water 
requirement 
Commodity Unit in U.S. gallons 
PR ci kecacsccasee 1 gallon 5 
eae 1 gallon 15 
Standard gasoline. ... 1 barrel 10 
Refined petro'eum.... 1 barrel 420 
Aviation gasoline..... 1 barrel ,000 
Synthetic gasoline.... 1 barrel 15,834 
Corn on the cob...... 1 ton 1,000 
Corn syrup......... 1 barrel 3,180 
MORIN haw at daaidcddes 1 ton 4,493 
Ice. . 1 ton 5,000 
_ eae 1 ton 65,000 








By comparison the requirement of 
one gallon of circulating condenser 
cooling water per kilowatt of energy 
delivered to the lines of a steam tur- 
bine generator unit is a modest de- 
mand. As production requirements in- 
crease to meet the demand of aug- 
mented population, proportionate in- 
crease in water requirement is inevit- 
able. Recognizing the tenet of public 
domain, with protective rights en- 
dowed upon our neighbor under our 
Constitution, it behooves the indus- 
trial user to minimize wasteful con- 
sumption of water. 

The cooling tower industry is dedi- 
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ACCEPTANCE TEST PROCEDURE FOR MECHANICAL DRAFT TOWERS 


Tests may be made by the Purchaser, under actual operating 
conditions, with the use of the following data and information 


TABLE | TABLE Ii 
Tower Test Factor 


Design Data 





DESIGN 
CONDITIONS 


COOLING 
RANGE 





GPM___°F. 


Hot Water oF. 





Cold Water ee: 











Wet Bulb__°F. 





APPROACH TO WET BULB* WET 





TABLE 11! 
Wet Bulb Factor 


FACTOR 


*Manufacturer shall be allowed a plus tolerance of 5% or %° F, whichever is greater. 


Performance may be calculated from data with above tables and following equations 


Design Performance = Design gpm X Tower Test Factor x Wet Bulb Factor. 


of =... 6am 





T.T. Factor X _____W.B. Factor = 





Test Performance = Actual gpm < Tower Test Factor < Wet Bulb Factor. 


eo... gpm X< 





it. tater < —..._WS feo 


When substitutions are made in the above equations, the “Performance Ratio” is 


Test Performance 


Performance Ratio = 


TP. 





~~ Design Performance _ 


ae * 


If this ratio is more than One, the tower exceeds the design performance; 


if the ratio is less, the tower performance may be adjudged deficient. 


Before starting a test, tower operating conditions should be adjusted to approximate the design 
conditions (Table I) insofar as practicable. During the test, the tower shall be clean and reason- 
ably free of scale, mud, algae, and oil. The water distribution shall be equalized for all parts of the 
tower. Tests shall be made during the daylight hours, fair weather, and with tower in operation 
at test conditions for sufficient time prior to start, to assure stable conditions. The date and 
duration of test, as well as number and frequency of readings shall be agreed upon. Operating 


conditions shall be within the following limits: 
1. Gpm water, + 10% of contract. 


aad 


Constant gpm during the test. 


w 


. Average wind not over 7 mph. 


. Wet bulb, as limited in Table Ill, 
trend during test 2° F. 


be 


Range as limited in Table |i. 

Range variation during test, + 5%. 
Water solids, below 5000 ppm. 

Fan hp, as specified in the contract. 


ONO w 


Tests shall be made within twelve months following tower installation. Wet-bulb reading for each 
test to be the average of wet-bulb temperatures measured on opposite sides of tower along longi- 
tudinal axis of tower at air intake, and not more than 6 ft. above basin curb and within 10 ft. of air 
intakes, and at no less than three points on each side. All test instruments to be properly calibrated. 





cated to improvement in the technol- 
ogy, design and performance of wa- 
ter conservation equipment. On this 
foundation, the formation of the Cool- 
ing Tower Institute was recently com- 
pleted. The Institute hopes to share 
with industry responsibility of en- 
couraging action on those steps neces- 
sary to avoid experiencing, as did 
the Union of South Africa, “an indus- 
trial slowdown because of an acute 
shortage of the most valuable mineral 
of all—water.” We are not committed 
to the support of any particular style 
or type of cooling device. We are 
searching constantly for more efficient 
equipment suitable to general indus- 
trial cooling requirements and to our 
temperate climate. Our relatively high 
summer-time dry bulb temperatures 
virtually preclude the use of natural 
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draft type hyperbolic shaped chimney 
towers extensively applied in power 

lant duty on the European continent. 
We do not have the steam wells re- 
cently developed in Italy where nat- 
ural steam supplants the boiler in gen 
erating turbine steam which in tum 
goes through the standard expanding 
and condensing cycles. Even with suc 
a natural steam source, cooling water 
for condensing is an essential require- 
ment for the economical production 
of energy. 

It is not enough to expend the waste 
disposal facilities of a community al- 
though excellent work in this separate 
field has been completed by the Indus- 
trial Wastes Conference at Purdue 
University, The Industrial Wastes 
Conference at Texas A. & M. College, 
the New England Industria! Wastes 
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TONGS 


“Reversible,” “Standard” and “Ideal” 
types in all sizes. Jaws are drop forged 
from special steel, are carefully milled, heat 
treated hardened and tested. The Handles 
are forged spring steel. The Chains are 
proof-tested to 34 catalog strength (1,200 
lb. to 40,000 Ib.). “Reversible” Jaws give 
doub!e jaw life. “Standard” Jaws have ex- 
tra bearing on the handle and forged-in 
chain guides. The “Ideal” Tongs have V 
4 shaped teeth for a sure grip on 


/ write tor \ irregular shapes—fittings, etc. 
Catalog 


ARMSTRONG BROS. TOOL CO. 


. “The Tool Holder People” 
5231 W. ARMSTRONG AVENUE + CHICAGO 30, ILL. 


FOR INDUSTRY 


THEY ARE USED FOR THE CONTROL OF TEMPERATUR'I 
a LIQUID LEVEL AND MECHANICAL OPERATIONS, 
MERCURY SWITCH IS A FEATURE IN MERCOID CONTROLS. 
eas 2N FOR THE MERCURY SWITCH IS THE ADDED SAFETY- 
Wile PERFORMANCE AND LONGER CONTROL LIFE- ALL OF 
ARE IMPORTANT WHEREVER CONTROLS ARE REQUIRED 
WHY CONSIDER LESS WHEN YOU CAN GET SO MUCH MORE 


WRITE FOR COMPLETE CATALOG 


THE MERCOID 
420! BELMONT AVE: CHICAGO 41 








Conference and those several groups 
sponsored by the American Chemical 
Society, the American Institute of 
Chemical Engineers and the American 
Petroleum Institute. 

In the gradual development of the 
cooling tower and the air cooled heat 
exchanger, conservation of water has 
been the primary objective. Although 
in certain localities rivers, lakes, and 
ponds can supply small power plants 
with sufficient cooling water during 
the majority of the year, the forward 
looking engineer plans his plant 
around the use of spray ponds, evap- 
orative coolers, atmospheric deck-ty pe 
cooling towers, forced draft cooling 
towers or the more popular mechani- 
cal design known as the induced draft 
cooling tower. Each device utilizes the 
physical phenomona of latent heat in 
its function. For each pound of water 
evaporated within the equipment, ap- 
proximately 1000 Btu of waste heat is 
ultimately dissipated into the atmos- 
phere. In power plant duty, efficient 
cooling of the condenser water results 
from the circulation of 8 to 10 gals 
for each 1000 Btu heat dissipation. 
Typical water flow characteristics of 
three steam power plants currently 
under construction are: 








Basic capacity Steam Inlet 
(Corrected to P.F.=1) condensing water 
kilowatts lb per hr temp 


Condenser 
_ water 
circulation 


25,000 gpm 
20,550 gpm 
6,950 gpm 





175,500 84 
150,150 80 
49,000 82 








For the plant operator to obtain 
preliminary structural, mechanical, 
and electrical data for a cooling tower 
to handle a certain condensing re- 
quirement, simple specification of 
heat load, desired water rate and tem- 
peratures, and ambient air wet bulb 
temperature will enable the cooling 
tower manufacturer to prepare basic 
design data. Consideration should be 
given to tower proportions of length, 
width, and height. Prevailing and 
next-prevailing wind direction may 
influence tower location with respect 
to plant and equipment position when 
the effect of downwind saturation is 
evaluaied. Winter icing of the air in- 
takes deserves detailed study in the 
same cnsideration with ice forma- 
tion due to condensate precipitation 
to the Ice of the structure. For the 
evaluation of cooling tower bids on a 
complete installation, tabulation of 
primary factors, at average values of 
cost, may be made as follows: 








(1) Total average demand of fans and pumps. . kilowatts 
(2) Basin area square feet 
(3) Capacity cost, Item (1) x $1.75 $ 
(4) Basin cost, Item (2) x $2.50 
(5) Total installed bid price $ 
(6) Total capital investment, items (3) plus (4) 
plus (5) 
(7) Annual fixed charges, item (6) x .075 
(8) Energy charges, item (1) x 7000 x .004.....$ 
(9) Total annual charge, items (7) plus (8) 








Although the basic specifications 
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for cooling towers should contemplate 
maximum turbine load and maximum 
heat rejection from the condenser, it 
is essential that partial load opera- 
tion be considered in the selection of 
cell arrangement, fan diameters, fan 
drives, and water circulating pumps. 
The use of two-speed motors for fan 
drives permits appreciable reduction 
in power demand during off-peak pe- 
riods. The use of steam turbine fan 
drives permits thermostatically con- 
trolled steam flow to the turbines with 
corresponding reduction in steam re- 
quirement during periods of low wet 
bulb temperature or off-peak demands. 
Recent developments in the hydraulic 
speed reducer field indicate definite 
possibilities for such applications with 
resultant economy. Partial load oper- 
ation must be carefully studied for 
each paiticular condenser-turbine unit 
to make certain that the loss in vacuum 
resulting from the increase in enter- 
ing water temperature or temperature 
rise within the condenser does not off- 
set the power saved by reduction in 
cooling tower fan loading. Flow con- 
trol on water circulating pumps de- 
serves particular attention when we 
consider that the volume delivery of 
the centrifugal pump varies as the 
speed and the horsepower varies as 
the cube with the head varying as the 
square of the speed and a resultant 
power saving of only 45 per cent at 








Business in 


* Air Conditioned * Centrally 
located * Adjoining Garage 
* Coffee Shop 


The Oil Man’‘s Hotel in 
The Oil Capitol of The World 











half speed operation is realized. 

In the small diesel or gas engine 
driven generator plant, jacket water 
and lube oil cooling can be efficiently 
handled by “closed” systems utilizing 
atmospheric or shell and tube heat 
exchangers in conjunction with raw 
water circulation over spray ponds 
or spray towers if space is available 
and driftage is not objectionable. In 
the larger units, the waste heat may 
be dissipated efhiciently by an induced 
draft cooling tower. In locations of 
high water cost or unavailability of 
dependable water supply, the recently 
developed air-cooled-heat-exchangers 
fulfill the requirement. These air- 
cooled units were gradually developed 
from the automobile radiator type of 
heat exchanger. Utilizing the mechan- 
ical equipment developed for cooling 
towers, the air-cooled devices are de- 
signed to force or induce a flow of 
ambient air over the extended tube 
surface developed by “fins” wrapped 
around or drawn out of a heavy wall 
tube through which the treated circu- 
lating water is pumped. Efficient de- 
signs of finned tubing often deliver 
2.5 times the capacity of plain tube 
surface per square foot of effective ex- 
ternal area. Without the advantage of 
latent heat phenomena utilized in cool- 
ing tower function, the air cooled ex- 
changers, dependent upon dry bulb 


. 


temperatures of the ambient air, com- 
pare favorably in total annual charges 
to the cooling tower installations on 
the internal combustion engine driven 
generators. With 100 F dry bulb air 
passing through the finned tubing 140 
F water temperature can be achieved 
efficiently. Obviously the economy of 
the air-cooled designs is lost when the 
temperature requirements fall close 
to or below the ambient dry bulb tem- 
perature. 

With 8 of our 48 states presently 
controlling the use of surface and un- 
derground waters within the state by 
legislative regulation and with 131 ma- 
jor cities preparing to answer the 
problem with local regulation govern- 
ing the use and waste of water, thor- 
ough investigation of water conserva- 
tion procedures will soon be standard 
engineering procedure in the consid- 
eration of power plant operation, ex- 
pansion, annual operating costs and 
plans for ultimate plant requirement. 
The pattern for state regulation is al- 
ready definied by the Ohio State Wa- 
ter Resources Board and the Minne- 
sota Division of Water Resources and 
Engineering. Statistical data on the 
subject is outlined in the Hoover Re- 
port of 1949 pamphlet entitled “De- 
partment of the Interior” and in the 
Task Force reports on Water Re- 
sources Projects (Appendix K) and 


Public Works (Appendix Q). Basic 
geological data is available from the 
U. S. Department of the Interior jp 
“Publications of the Geologica! Sur. 
vey” dated May 1948. Pioneers jp 
the approach to the water problem 
have published their findings in the 
19th report of the Texas Board of Wa. 
ter Engineers for the State of Texas. 
Collateral data on a typical local sit. 
uation is available in Bulletin No. 
5101 on the Water Supply of the 
Houston Gulf Coast Region as pub. 
lished by the Texas Board of Engi- 
neers at Austin, Texas, prepared co. 
operatively with the Geological Sur. 
vey of the U. S. Department of the 
Interior in January, 1951. The Presi- 
dent’s water resources policy commis. 
sion has published a summary of rec. 
ommendations for a “Water Policy 
For the American People” in which is 
stated the broad framework of a prin- 
cipal proposing a reformulation of 
water resources as a Federal function. 
It is to be hoped that the foresight. 
edness of the power industry in its 
judicious use of efficient water conser- 
vation devices may so minimize the 
requirement of Federal action that 
major emphasis may be placed upon 
the preservation of our greatest nat- 
ural resource rather than upon the 
regulation of its use in the production 
of energy. eee 






















Drillers Beene and Hurley at Bossier 
City, La., use Frank’s portable rig 
with four Minneapolis-Moline 1210- 
12A units for power. They are drill- 
ing low-cost wells to depths of 6500 
feet. The 1210-12A, 12 cylinder unit 
engines are factory equipped to op- 
erate on LP gas or natural gas—the 
low priced fuels in this area. 


two of these units on the drilling ta- 
ble to furnish power to the draw 
works. These engines are equipped 


Two MM 1210-12 on the drilling table 
operate on low-cost, higher octane LP gas 


Beene and Hurley have mounted ™ 


Mud pump installation is powered by two 
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Beene-Hurley Use Low Cost 
Power on Frank's Rig! 


% 


ae 










MM 1210-12A’s. 


with front power take-off drives and 
supply 400 hp with LP gas. The other 
1210-12A units are remotely located on 
the mud pump. The complete engineer- 
ing and installation was done by Beene 
and Hurley at Shreveport. a 

This arrangement combines flexibil- 
ity of layout with important time sav- 
ing for setting up the rig. Precision tool- 
ing and high production methods ac- 
count for the extremely low selling price 
of MM heavy-duty oil field power units. 
Standardization of parts permits inter- 
changeability which assures easier, low- 
er-cost maintenance. ’ 

Sales and service of MM oil field en- 
gines are handled by the Shrimpton 
Manufacturing and Supply Co.. with 
branches.at Los Angeles, California; 
Oklahoma City, Oklahoma; and Kil- 
gore, Texas. 
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| wELCOME any occasion that requires 
my presence in Texas. Particularly in 
these days, when bigness is so often 
confused with badness, I appreciate 
even a few hours’ association with you 
who are not ashamed of bigness either 
in your state or in your way of doing 
things. Troubles that have loomed 
large because I have been close to 
them soon appear small in Texas. 
Sometimes I wonder if it wouldn’t 
help to move the White House down 
here two or three times a year. 

When an event does look big even 
against the backdrop of Texas, and 
from a distance of half a century, it 
is big indeed. Such an event was the 
discovery of Spindletop. Why was this 
particular oil field so significant as 
to warrant this wonderful celebration 
of the 50th anniversary of its discov- 
ery by Captain Anthony Francis 
Lucas? 

To see Spindletop in its proper 
light, we need to view it against a 
background of the oil industry as it 
was at the turn of the century. Until 
about 1900 oil products were used 
only for lighting and lubricants. Ex- 
cept for some experimenting by a few 
visionaries, who thought the internal 
combustion engine could be made to 
work, no oil was used as a source of 
energy. In 1900 the entire year’s pro- 
duction in the United States was only 
64,000,000 bbl, about ten days’ pro- 
duction at current rates. Russia’s pro- 
duction that year exceeded ours by 
11,000,000 bbl. 

Prior to Spindletop, the area within 
which oil was produced in America 
was primarily western Pennsylvania, 
southern New York, eastern Ohio, and 
northern West Virginia. This limited 
area was referred to as The Oil Re- 
gions. The name is still in use despite 
its obvious inappropriatenéss. 


Spindletop Encouraged Others 

Against that background, the dis- 
covery of Spindletop assumes great 
significance on several counts. If oil 
i vast quantity could be found 1200 
miles away from The Oil Regions, 
certainly it might be found in many 
‘Presented before Spindletop 50th Annivers- 


m{pBecumont, Texas, January 10, 1951. 
resident, Socony- Vacuum, Oil Company, Inc. 


B. BREWSTER JENNINGS* 


other places as well. Its discovery 
waited only on the drilling of enough 
wildcat wells. Unquestionably, the 
great Spindletop gusher gave a tre- 
mendous spur to the American pro- 
ducer of oil and in fact encouraged 
adventurers to try their luck wherever 
they could in other parts of the world 
as well. 

Certainly if there had been no pros- 
pect of finding oil in much larger vol- 
ume than had been found up until 
1900, the outlook for the horseless 
carriage would have been pretty dim. 

Spindletop thus was the beginning 
of the modern oil industry, an indus- 
try that is primarily a supplier of 
energy though, of course, it produces 
many other valuable things. Spindle- 
top sparked an all but incredible ex- 
pansion in the search for oil in this 
country. By 1909, production in the 
United States was more than three 
times the pre-Spindletop rate. Ten 
years later, our production had dou- 
bled again, and exceeded a million 
barrels a day. Now it is almost 6,000.- 
000. 


One Auto for Every Four Persons 


In the last 50 years we have become 
a nation on wheels, with a passenger 
car for every 4 people. About a fourth 
of our homes are oil-heated. Practi- 
cally all of our ships, whether deep- 
sea or inland waterway, now are oil- 
fueled. Even railroads are now using 
oil for more than half their power 
needs. Farming, of course, has been 
revolutionized by the substitution of 
tractors that consume nothing but oil 
for animals that must be fed part of 
the crops they help to raise. 

It would be a mistake, however, to 
think that these vast changes have 
come about and will continue to take 
place willy-nilly. If that were so, we 
might have expected the oil industry 
to develop at about the same rate in 
all countries where it had an equal 
start with our own. On that basis, 
Russia should be the greatest oil-pro- 
ducing nation in the world today. 
Fortunately for us, and for the hopes 
of free men everywhere, we had some- 
thing, besides oil, that Russia lacked. 

As Wallace Pratt points out in the 
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The SPIRIT of SPINDLETOUP 


Spindletop issue of “Texas Parade,” 
that something is freedom of enter- 
prise. Pratt reminds us that the 
United States includes only a very 
small part of that portion of the 
earth’s crust that we believe to con- 
tain oil, and that the lands controlled 
by Soviet Russia are far more richly 
endowed with natural resources in oil 
than our country ever was. To the 
question why the United States’ pro- 
duction has so far outstripped Rus- 
sia’s despite Russia’s head-start and 
greater potential, Pratt answers, “It is 
the superior natural resourcefulness 
of this country, rather than its supe- 
rior natural resources, that has given 
it an abundance of oil.” Per unit area, 
we have drilled in the United States 
more than a hundred times as many 
exploratory wells as the rest of the 
world. 


A Triumph for Free Enterprise 


Spindletop itself was a triumph of 
freedom of enterprise. Experts from 
both Standard Oil and the U. S. Gov- 
ernment independently reported there 
were no indications or precedents for 
expecting to find oil there. Only under 
a system that makes it possible for 
free men to bet their money against 
the powers that be and the authorities 
that are could the Spindletop discov- 
ery have been made when it was. 

There are trends in our economy, 
and more particularly in the thinking 
of some of our political leaders, which 
cause concern to those who believe, as 
1 do, that freedom of enterprise is 
vitally necessary to our continued 
well-being. To me, freedom of enter- 
prise means that the economy as a 
whole, and more particularly any 
given industry within the economy, 
must have freedom to adjust its oper- 
ations to the constantly changing 
pressures within that economy. It 
does not mean any such thing as free- 
dom to monopolize, to restrict pro- 
duction, to withhold new processes, to 
force down wages, or any of the other 
socially undesirable things of which 
free enterprisers are often accused. 
We have developed in the United 
States a pretty complete body of laws 
to prevent such abuses of freedom. 
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Specify 
NAYLOR 
PIPE for... 


Gas and oil lines 
o 


Gas and oil 
gathering lines 


Salt water 
disposal lines 


Sludge lines 

Vacuum lines 

Syphon pipe 
Tank gongs pipe 
Tank swing pipe 


Surface casing 
(threaded) 















































NAYLOR PIPE 


is ideal for oil field service 
because it’s LIGHT in weight... 
yet HEAVY on performance 
Sizes from 4 to 30 inches in diameter and thick- 
nesses from 14 to 7 gauge. All types of connections, 


fittings and fabrications. Write our distributor for 
complete details. 


INN GIRO) a eal 


Naylor Pipe Company, 1240 E. 92nd St., Chicago 19, Ill. 
New York Office, 350 Madison Avenue, New York 17, N.Y. 


Mid-Continent Supply Company, Ft. Worth, Texas and Branches 


Exclusive distributors in Mid-Continent and Gulf Coast Areas 
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Our present danger, it seems to me, js 
the enactment of laws that wou!d pre- 
vent the proper and essential! use of 
freedom. 

Perhaps I can make clearer what | 
mean by a simple illustration. As 
motorists, we do not regard it as any 
infringement on our freedom that we 
have laws telling us how fast we may 
drive, requiring us to keep to the 
right, and barring us from driving at 
all when we have had too much ty 


| drink. In big cities, we even accept 


regulations as to which direction we 
may travel on certain one-way streets, 
But there is all the difference in the 
world between laws telling us how we 
may travel and laws telling us where 
we must travel. 


No reasonable citizen can oppose 
legislation or regulation prohibiting 
wasteful flaring of gas or requiring 
the pressure in oil-producing reser- 
voirs to be maintained. Texas has 
been a leader in that type of sound 
exercise of the government’s police 
power, in effect limiting the freedom 
of individuals to harm each other. 
Where we must be careful, if we hope 
to preserve the unique values of free. 
dom of enterprise, is in permitting 
government to go beyond the exercise 
of such police powers and manipulate 
the economy itself. 


Industry Meets Sudden Demands 
for Oil 


In the 50 years since Spindletop 
came in, we have had to transform the 
oil business from one which was pri- 
marily a maker and seller of kerosine 
for lighting to one able to meet an 
almost overwhelming demand for 
power fuels, chiefly gasoline, of 
course. Within the last 10 years par- 
ticularly, we have had to make exten- 
sive changes in our refining to meet 
a rapid and rather sudden increase in 
demand for home heating oils and 
diesel fuels. The fact that these com- 
plex changes have been worked out 
smoothly, efficiently and economically 
argues that freedom of enterprise has 
worked pretty well. I doubt that these 
changes could have been effected if a 
central agency of government had 
been solely responsible, had been re- 
quired to foresee the changing de- 
mands and then direct and order the 
multiplicity of actions necessary to 
meet the new situation. 

Because freedom of enterprise is s0 
vital to the future of our industry, we 
must be ever-watchful to detect in the 
sometimes plausible arguments of 
proponents of control the proposals 
that are totally incompatible with our 
essential freedom. I should like to 
mention just a few of the recent moves 
which, if successful, would restrict the 
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oil industry’s freedom to react to eco- 
nomic pressures. That is just another 
way of saying restrict the oil indus- 
try’s ability to adjust itself to your 
changing wants and needs. Some of 
these control efforts are initially ap- 
plicable to natural gas, but because 
of the close relationship of gas and 
oil, they must ultimately impinge 
equally on oil. 


What Criterion Would the Experts 
Use? 

For example, there is great concern 
in some government circles about the 
price at which natural gas is sold, not 
as one might expect, the price paid 
by the consumer, but the price at the 
well as it issues from the ground and 
before it enters into commerce. Some 
people want to legislate a minimum 
price. The argument runs that gas is 
intrinsically worth at least X cents 
per thousand cubic feet, and that to 
sell it for less is wasteful. One may 
ask by what criterion is the expert 
who is charged with this responsibil- 
ity going to figure the precise price at 
which gas should be used and below 
which its consumption is wasteful. 

One may wonder, all things consid- 
ered, whether Americans would be 
better off today if legislation had pre- 
vented the sale of Spindletop oil until 
it reached a price that some govern- 
mental authority decided was fair. Or 
did the sale of that oil at prices then 
obtainable stimulate the development 
of the automobile and other industries 
in ways that otherwise would not 
have been possible? 

Would we be better off if by such 
minimum price legislation we had re- 
tained in the ground half of the oil 
we have removed since 1900 but as a 
result found ourselves with only half 
the automotive and oil industry ca- 
pacity that today constitutes so large 
an element in our defense potential? 


Setting Minimum Prices for Gas 

This question of setting minimum 
prices for gas has been argued all the 
way to the United States Supreme 
Court and by a decision handed down 
on December 11, 1950, it is constitu- 
tional for the states to enact minimum 
prices for natural gas if they choose 
to do so. | am not concerned with the 
constitutionality of such legislation, 
but I do question the wisdom of such 
a course, 

Besides the minimum price advo- 
cates, there is an even more vocifer- 
ous group who feel that a maximum 
Price for gas at the wells should be 
set by government. Their argument is 
that gas is used by millions of con- 
Sumers, and these consumers must be 
Protecte:!. It sounds plausible enough. 
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but why do these particular consum. 
ers require protection over and above 
that afforded us all by the law of sup. 
ply and demand? If we really believe 
in the price system on which our free. 
dom of enterprise is based, nothing 
justifies price-fixing except a govern. 
ment-authorized monopoly such as a 
public utility. So long as an industry 
is competitive, as the production of 
oil and gas certainly is, the long range 
interests of the consumer will never 
be served by fixing prices below the 
levels they would reach in a free mar- 
ket. 

The issue of maximum gas prices 
was fought with extraordinary heat 
and acrimony in the congressional 
session of last year. Senator Robert 
Kerr, of Oklahoma, introduced a bill 
that would have prevented this type 
of regulation. After passing both 
houses, the bill was vetoed by the 
President. 

Natural gas is produced from thou- 
sands of wells, either by itself or in 
conjunction with oil. The well opera- 
tors are trying to sell this gas as con- 
veniently as possible and at the best 
price obtainable. Buyers of the gas, 
actual and potential, are the indus- 
trial plants near the fields, the local 
gas companies, and most important, 
the natural gas transmission line com- 
panies that move the gas from the 
fields to the large urban market areas. 
The pipe line companies are utilities 
that are properly subject to regulation 
as to their charges for the service of 
transporting and distributing the gas. 
The gas, however, is a raw material, 
entering into industrial or utility use 
and is not of itself a utility until it 
has entered the utility system. 


Price Levels Set in Marketplace 

There is in my view no more justi- 
fication for setting a top price on nat- 
ural gas at the well than for setting a 
top price for oil at the well, coal at 
the mine, steel at the mill, or for any 
other commodity normally free to en- 
ter commerce in response to and at 
the price level set by economic laws 
operating in the marketplace. 

Price-fixing for a competitive in- 
dustry in peace-time is as much of a 
crime against our system of freedom 
of enterprise as the old Chinese cus- 
tom of binding their girls’ feet, or an 
African tribe’s custom of binding 
their infants’ heads. A crippled, mis- 
shapen economy can be the only pos: 
sible result. 


There are those who are uneasy be 
cause there are big companies in 4 
particular industry. We hear this 
often about our industry, and so | 
want to talk briefly about “Bigness 
Oil.” We all know of the suit against 
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the Standard Oil trust, which resulted 
in its dissolution in 1911. Looking 
back, one can readily understand the 
popular fear of a private enterprise 
doing some 85 per cent of the busi- 
ness im an essential industry, yet it is 
significant that many oil companies 
that are hale and hearty now began 
their careers in oil long before 1911 
and prospered despite the supposedly 
insuperable competition of Standard. 
Tidewater (now Tidewater Associ- 
ated) was founded in 1888, Union Oil 
in 1890, Sun Oil in 1901, the Texas 
Company in 1902, and Gulf Oil in 
1907. These companies and many 
others actually became important fac- 
tors in the industry with the discovery 
of Spindletop. The record shows that 
by and large there is always room for 
a new company, provided the new- 
comer is as competent and efficient as 
those already in the field. 


Competition Makes for Efficiency 

Imagine a new industry in which 
no really competent people are en- 
gaged. The standards of performance 
in such an industry would be low. 
eficiency poor, and costs high. Such 
an industry could not supply goods 
and services to the public as effec- 
tively as it should. 

Now, suppose a new outfit with top- 
light management enters the field. 
The new company finds that it can 
make a lot of money at the prices 
charged by its inefficient competitors 
and can make still more by lowering 
its prices and increasing its volume. 
Pretty soon the inefficient firms find 
that they either have to improve their 
methods or quit. In a relatively short 
time, the entire industry is trans- 
formed from a sloppy, high cost one 
to an efficient low cost operation. The 
resulting gain to the public through 
setting its goods cheaper and better 
far outweighs the loss suffered by the 
ineficient firms which had to go out 
of business. 

The existence of a really efficient. 
iggressive company in every industry 
is the best and perhaps the only guar- 
antee the public can have that it is be- 
ing well served by that industry. The 
existence of the A & P is a guarantee 
that we are getting our food at the 
ight price and of the right quality. 
We don’t have to buy it from the 
A & P—any food store has to be good 
or it won’t be able to compete with 
A & P. General Motors, or Ford or 
Chrysler give us the same assurance 
tegardine our automobiles. 

| believe that back in the 1880's 
and 90's the existence of Standard Oil 
resulted in there being available bet- 
ter and cheaper oil than there other- 
wise would have been. During those 


years, Standard Oil set standards for 
the oil industry that were high. The 
other companies that began and grew 
in that exacting industry adopted 
those standards and, of course, tried 
to improve on them. 


Oil Industry Ils Not Found Wanting 

Today it seems fair to say that 
there is no industry that over the 
years has done a better job for the 
public than has oil. In terms of wages 
and working conditions, prices, qual- 
ity, progress, by whatever yardstick 
you use, the oil industry is not found 
wanting. Those are strong statements 
but I can back them up. 

In a period of generally-rising 
prices, aggravated by the inflation 
associated with World War II, we 
find gasoline (before taxes) selling 
at approximately the same price at 
which it sold 25 years ago. Not only 
that, but today’s gasoline is so much 
better than the gasoline of 25 years 
ago that two gallons of the product 
that goes into your tank now will do 
as much work, measured by any 
standard, as three gallons did back in 
1925. Put another way, the oil indus- 
try is giving you, with each gallon of 
gasoline today, 50 per cent more use- 
ful energy than it did in 1925, and is 
doing so at the same price, in dollars, 


that you paid in 1925, notwithstand- 
ing the sharp reduction in the pur- 
chasing power of those dollars in the 
last two and a half decades. And we 
thought the oil industry was good in 
1925! 

Obviousty much of what I have 
said about freedom of enterprise is 
subject to the overriding necessities 
of total war. The marshaling of na- 
tional effort required by modern war- 
fare necessitates a pretty thorough 
national control, and in these days 
when wars are begun first and de- 
clared afterward such national con- 
trol has to be imposed before the war © 
is made official. Let us never forget, 
however, that all our government can 
do is to deflect our nation’s strength 
into military channels. It did not and 
cannot create that strength. 


Oil Industry's Strength Aids Nation 

Throughout our history, the oil in- 
dustry in its competitive struggle to 
please its customers, has built up its 
strength to protect the nation. In the 
five years since V-J Day, we have 
drilled 175,000 wells, increased our 
crude oil reserves in the ground by 
6,000,000 bbl, and raised our poten- 
tial maximum rate of efficient produc- 
tion by 1,600,000 bbl a day. Our re- 


fineries have-enlarged their capacity 
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by 1,500,000 bbl daily, and our trans- 
portation system has been importantly 
expanded. 

\broad, too, American oil compan- 
ies have increased capacity in all de- 
partments. U. S. companies in South 
\merica are currently producing 
150,000 bbl a day more than in 1945, 
and their refining capacity is up by 
some 200,000 bbl a day. In the Middle 
East, American interests currently 
are producing about 8 times what 
they were at the close of the war. 

Not only is our industry in good 
shape as to physical plant but in or- 
eanization as well. Oil men were 

among the first to give thought to pos- 
sible future emergencies. Almost three 
years ago, a committee of the National 
Petroleum Council made recommen- 


confident that when the chips are 
down, we of the oil industry will do 
our part. 


Allies Control 9/10ths Oil 

If war comes, it is going to be a 
conflict between two adversaries sin- 
gularly different in general character- 
istics. On one side will be a vast ag- 
eregation of people, relatively ill- 
equipped, and lacking in industrial 
potential. That is the kind of adver- 
sary we and our allies will face. By 
comparison, our team will be numer- 
ically smaller, but we shall have by 
far the greater potential measured by 
any criteria dealing with industrial 
output. 

Our great industrial potential is of 
course based on unprecedented utili- 





deny us the use of some fields we now 
operate, we would still be overwhelm. 
ingly superior in this vital resource, 

However harsh the trials of tie on. 
coming years, we in the oil industry 
face them with limitless confide ‘nee in 
the capacity of the free human spirit 
to rise above them. Should the forth. 
coming year bring full scale world 
war despite our efforts and prayers 
for peace, there is no doubt in my 
mind of our ultimate triumph. Our 
greatest peril, it seems to me, is not 
that we may have to fight, but that we 
may be forced into such a prolonged 
state of readiness to fight that we 
abandon too far and too long that 
freedom of enterprise—the Spirit of 
Spindletop—without which we never 
could have achieved our present su- 
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Uninrormep people sometimes seem 
io think the oil industry has been 
lifted to its present eminence by an 
insatiable demand for its products re- 
gardless of price. Every oil man 
knows how far that is from the truth 
but probably no segment of the oil 
industry has achieved success over 
sreater obstacles than yours. I have 
the utmost respect for your organiza- 
tion and what it has accomplished. 

From the standpoint of total recov- 
ery derived from secondary-recovery 
operations, such as repressuring by 
air and gas injections, and artificial 
water floods, Pennsylvania is the most 
important state in the country. To 
your association is due much of the 
credit for the aggressive and enter- 
prising leadership that brought these 
mutual benefits to the oil industry and 
the consuming public. 

On all sides there is even greater 
need for cooperative effort in the Mid- 
dle East than that which led to the 
formation of the Pennsylvania Grade 
Crude Oil Association. 

Notably in recent months, there 
has been a growing public aware- 
ness of the Middle East and its impor- 
tance to the United States and to the 
ledom-loving countries outside the 
Russian orbit. Fortunately for the 
Western World, the oil industry of the 
United States and Great Britain has 
been alert to the potentialities of the 
Middle East for nearly half a century. 

The value of this area is due not 
only to the immensity of the petro- 
lum resources known to exist there 
but also to the strategic location of the 
Middle East in any conflict between 
\estern nations and Russia. It seems 
(0 me vital to our future well-being 
that there should be general apprecia- 
lion in this country of what is at 
‘ake while there is yet time to discuss 
hat stake in terms of what may be 
rather than what might have been. 
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olPresented before the Pennsylvania Grade 
‘ude Oil Association, Pittsburgh, Pennsyl- 
Vania, June 14, 1951. 

«, Teetor in charge of Middle East Affairs, 
‘eony-Vacuum Oil Company, Inc. 
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CHARLES L. HARDING* 


Within the past several weeks a great 
deal has been written and said about 
the action taken by Iran to nationalize 
the oil industry. However confusing 
this may have been as to the issues 
involved, it has helped to educate our 
people further as to the importance 
of this area to us all — the United 
States as well as Great Britain and 
Europe. The education may be a little 
like a boy getting a spanking. He is 
told that it is good for him, but he 
wishes there were a less painful way 
to learn. But the education is essen- 
tial if public opinion is to exert its 
proper influence on our international 
policy. 


U. S. Produces More Than Half of 
the Oil in the World 


Currently the United States is pro- 
ducing more than 6,000,000 bbl of oil 
every day from wells within our own 
national boundaries. That is more 
than half of the oil being produced 
in the entire world. With such an 
overwhelming leadership in oil pro- 
duction from our own domestic re- 
serves, why should we be interested 
in, let alone worry about, as to the 
oil situation anywhere else? Would it 
not mean just that much more pros- 
perity for the American oil industry 
if some of the foreign production was 
shut down for awhile? 

To answer these questions for our- 
selves, as Americans, let us start by 
looking at the flow of oil in world 
trade. 

Our own vast production has little 
effect in world trade because we use 
it all at home, and a great deal more 
besides. 

Nearly half of the three and one- 
third million barrels of oil that moved 
in international trade every day last 
year came from the Middle East and 
nearly 60 per cent of those Middle 
East exports of oil went to Europe. 
More than three-fourths of Europe’s 
oil needs were supplied by the Middle 
Fast. 

We have here in the United States 
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little margin of excess producibility 
on which to draw if we should be 
called on suddenly to supply Western 
Europe with the cil now coming from 
the Middle East. All this points up 
the danger that if we were to lose the 
oil of the Middle East now, we might 
not have enough oil to supply both 
our own rapidly expanding needs and 
even the minimum requirements of 
our friends in Western Europe. Loss 
of Middle East oil, in other words, 
might confront us with the unpleasant 
choice of rationing our own people 
or of turning our backs on Europe 
after we have just spent billions of 
dollars to promote economic recovery 
there. 

To see the importance of the Mid- 
dle East to our more distant future, 
we need to realize first that the United 
States which has less than a third of 
the world’s crude underground oil re- 
serves is using almost two-thirds of 
all oil produced in the world. We need 
to realize further that even if we 
could call on Canada and all of the 
countries to the south of us, we should 
still have in the entire Western Hemis- 
phere less than half of the world’s 
known reserves from which we are 
producing nearly three-fourths of the 
world’s current oil supply, while the 
Middle East with 45 per cent of the 
world’s reserves produced only 16.5 
per cent of the world total last year. 
Whether we consider the United 
States alone, or take the entire West- 
ern Hemisphere as a unit, our part 
of the world is drawing on its known 
reserves of oil at a much faster rate 
than the rest of the world. 

And if the present trend of rising 
oil consumption continues, we shall be 
using in the United States alone, less 
than two decades from now, more oil 
than the entire world including the 
United States is now producing. — 

The total known reserves of the 
world outside Russia approximate 
851% billion barrels. That huge total 
is divided roughly equally between 
the Eastern and Western Hemispheres 
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-just under 43 billion barrels in 
each. But of the total oil resources in 
the Eastern Hemisphere, nearly 41 
billion are located in the Middle East. 

In the Western Hemisphere the 
United States has proved reserves of 
about 2914 billion barrels. 


Potential for Adding New 
Proved Reserves 


As oil men, you know that proved 
crude reserves depend in part on the 
number of wells drilled. Just to give 
you a very rough idea of the compara- 
tive activity in the two areas, the total 
number of wells drilled to date in the 
Middle East is fewer than 2000, com- 
pared with 1,342,000 in the United 
States. You, of course, will draw your 
own conclusions, but to me it seems 
self-evident that the potential for add- 
ing new proved reserves in the Mid- 
dle East is greater than in this coun- 
try. Dr. C. M. Lees of the Anglo- 
Iranian Oil Company has just re- 
ported to the World Petroleum Con- 
egress that ultimate Middle East re- 
serves are estimated at 200 billion 
barrels, twice the estimated potential 
reserves (ultimate production) in the 
United States. 

Please do not misunderstand me. 
I am not one of those people who 
believe we have exhausted our find- 
ing efforts in the United States, or 
that we are running out of oil. It is 
a question of comparative values and 
of long range outlook. 


The vast and all-important oil re- 
sources of the Middle East have been 
developed largely by British and 
American capital and organizations. I 
am not overlooking the interests held 
by the Dutch and French in this pic- 
ture but our concern today is pri- 
marily with the general situation and 
not with the details of ownership. 
These British and American organiza- 
tions also have promoted the sale of 
this Middle Eastern oil throughout the 
industrialized sections of the world. 
Because oil is an efficient and inexpen- 
sive source of energy, demand for it 
has steadily and rapidly increased to 
the point where the standard of living 
in many countries is largely depend- 
ent on the continued flow of low 
priced petroleum products. 

The oil companies in my opinion 
have performed a great public service 
in making possible this use of petro- 
leum. Political stability in a country 
increases with the number of people 
owning and enjoying the material 
things of life that provide comfort 
and make for contentment. While a 
large part of the population of a coun- 
try is destitute there can be only un- 
rest, which ultimately expresses itself 
destructively. Such a condition cannot 
be cured by taking from the wealthy 
few for the benefit of the many if 
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there is not enough to go around. 
Everywhere it has been tried, the re- 
sult has been merely to make everyone 
destitute. 


Average Consumption for Each 
Person in U.S. 592 Gal 


The only remedy I know of is to 
produce more wealth, to create suf- 
ficient goods to give a greater propor- 
tion of the population the funda- 
mentals of more comfortable living. 
This can be done only by substituting 
mechanical energy for human energy. 
There is a cause and effect relation- 
ship between the fact that we in the 
United States have the highest stand- 
ard of living in the world and are far 
and away the largest per capita con- 
sumers of oil. In 1949 our oil con- 
sumption averaged 592 gal for each 
person in the United States com- 
pared with a per capita consumption 
of 101 gal in Britain and 63 gal in 
France. Development of the use of oil 
by our petroleum companies is bring- 
ing about greater productivity wher- 
ever that oil is consumed. — 

In a very real sense the great 
growth in the use of oil around the 
world tends to bind all peoples to- 
gether, making nations more interde- 
pendent. The European economy is 
inextricably woven into that of the 
Middle East. The Middle East is 
equally dependent on the industrial- 
ized nations to transform its crude 
oil, which is of little value in its nat- 
ural state, into products that will in- 
crease standards of living wherever 
they are used. Badly as the industrial- 
ized nations of Europe need oil from 
the Middle East, they need it no worse 
than the Middle East needs European 
oil markets. 


Since the last war it has been gen- 
erally accepted that no nation can live 
alone in this world. Today the earth 
is more or less divided into two 
camps. We must have friends to sur- 
vive. Our friends must have strength. 
A strong ally is a life preserver. A 
weak ally can be a millstone. We and 
our allies must be stronger than the 
enemy, if possible enough stronger to 
dissuade him even from trying to 
overcome us by force. That, I believe, 
is the object of the Marshall Plan and 
other similar undertakings. It means 
we must build into those nations 
which are our friends greater capac- 
ity to produce. It means oil must con- 
tinue to flow to those countries to 
provide them with an efficient low- 
cost source of energy to produce both 
armaments and civilian goods. 


Oil from Western Hemisphere Is 
Not Sufficient 

Where is this oil to come from? 

Our production in the Western Hemis- 

phere is not now sufficient to supply 


our own needs and have enough left 
over for the friendly countries in the 
Eastern Hempishere. We may have to 
depend on the Middle East for an jn. 
creasingly large proportion of these 
supplies. Failure to supply Evrope’s 
needs for petroleum would seriously 
handicap the Marshall Plan, the 
North Atlantic Treaty Alliance and 
our broad objective to build political 
and industrial stability in the world, 
It could mean the failure of the whole 
program. Should the oil of the Middle 
East no longer be available we would 
not abandon our plans to forsake our 
friends. We would attempt to replace 
that oil as much as possible from the 
Western Hemisphere. To do so might 
require rationing in the United States, 
rationing perhaps more severe than 
ever before. 

This line of thought necessarily 
leads us into the field of international 
politics. Unless we are careful when 
we roam into that area we may find 
ourselves in “No Man’s Land” between 
the proponents and opponents of the 
Administration’s foreign policy. Yet 
to attempt to discuss the world oil 
situation, or the circumstances in the 
Middle East, without reference to Rus- 
sia, would be like nothing I can think 
of except that familiar jingle: 
“Mother, may I go out to swim? 

Yes, my darling daughter, 
Hang your clothes on a hickory limb 
But don’t go near the water.” 

You may be interested in our Best 
guess as to the oil resources now avail- 
able to Russia. Our calculations are 
that including the satellite countries 
the Communist nations have about 
51% billion barrels of proved reserves 
from which their daily production is 
around 850,000 bbl. 


Oil production controlled by the 
free nations thus is something better 
than 10 times that which is controlled 
by the Communists. 


It would not be surprising if the 
Soviet tried hard to change that ratio 
in Russia’s favor. As in an election, 
where each vote switched counts 
double by reducing the opponent’s 
total at the same time it adds to your 
own, Russia would gain doubly by 
getting part of Middle Eastern oil. Its 
loss would weaken our side and its 
gain would strengthen Communism. 
The chief value of the oil now is in 
bolstering the economy of Western 
Europe and making it unnecessary to 
send oil from. the Western Hemis- 
phere to Europe. But the oil of the 
Middle East could be used just as 
advantageously by Russia for the de- 
velopment of Communist China and 
other parts of the Far East friendly 
to the Soviet. Our country is buying 
billions of dollars of insurance against 
the possibility of further aggression 
by Russia. If Russia is planning wat, 
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Save Metal with 


UST-OLEUM 


Silently, but ruthlessly (even as you are reading 
this) rust is gnawing away at your tanks, pumps, 
derricks, refining equipment, buildings, roofs, 
fences—every rustable metal—inside and outdoors. 
To protect your investment—to keep every possible 
pound of new steel for the defense program— 
adopt rust control with Rust-Oleum as an im- 
portant part of your maintenance program. 


RUST-OLEUM stops rust. It can be applied even 
over rusted surfaces, It is not necessary to remove 
all the rust. Just use wire brush and sharp scraper 
to remove rust scale and loose rust. 

RUST-OLEUM can be obtained promptly from In- 
dustrial Distributors’ stocks in principal cities of 
the United States and Canada. Write on your com- 


pany’s letterhead for complete catalog and nearest 
source of supply. 


RUST-OLEUM CORPORATION 


* 2553 Oakton Street, Evanston, Illinois 








Available . 
in many colors, 
including white 
end aluminum. 












¢ Stocked and Sold by Leading Industrial Distributors 
in All Principal Cities of the United States and Canada 
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any marked improvement in her sup. 
ply of oil would remove one more 
deterrent, just as did her reputed suc. 
cess in producing the atomic bomb, 

Need I say more about the impor. 
tance of Middle East oil to our ecop. 
omy, to our National Defense, in fact 
to our potential ability of Western 
nations to survive? If a numerically 
superior enemy could deny us the oil 
of the Middle East, probably the rich. 
est source of energy in the world to. 
day, and then could integrate that oil 
into his own economy, it might tip 
the scales against us. 


Implications Affect Welfare of 
All Nations 


Against this background comes the 
move on the part of Iran to national- 
ize its oil. It is a delicate subject and 
even if I were up to date on develop- 
ments in that troubled area as of last 
midnight, my report on it might be 
obsolete by now. There are, however. 
certain implications growing out of 
the attempted abrogation of contract 
— implications which, to my mind. 
reach out beyond this dispute and af- 
fect the welfare of all nations and 
perhaps the future of international 
conduct. 


In many producing countries it is 
believed that the mere presence of 
crude petroleum within that country 
is of itself an item of immediate usa- 
bility and great value that more or 
less can be dealt with as a gold coin. 
You of course know the fallacy of 
such a view. Crude petroleum has lit- 
tle value in the middle of a desert or 
up in the mountains. It is only after 
it has gone through all the steps that 
transmute it from crude oil to energy, 
and lubricants and other media for 
the creation of new wealth that it has 
real value. It is the job of the petro- 
leum industry to convert this article 
from something almost useless in its 
natural state to material of value in 
world commerce. It cannot be re- 
peated too often that the producing 
countries and the consuming nations 
are dependent on each other. This is 
a principle that I believe any country 
fortufiate-enough to have oil resources 
shduld never forget. 

Likewise ‘significant at this time is 
the fact that the oil reserves of the 
Middle East are not situated entirely 
within the boundaries of a single na- 
tion. They are in fact rather evenl) 
distributed over 4 or 5 different areas. 
This means that no particular source 
of supply is now indispensable or will 
be as far ahead as we can see. 


Have No Financial Interests in 
Iranian Oil Fields 

The contractual situation with re- 

spect to the arrangements between 

Anglo-Iranian Oil Company and Iran 








Why the FIRST names in pipelines 





depend on the FIRST’ name 





* FIRSTS by A.O. SMITH e Welded line pipe 
Internal expanded pipe e Light wall large diameter 
pipe © World's largest producer of large diameter 
welded steel line pipe 


@ Creative engineering is a 77-year-old 
tradition at A. O. Smith. One of 

A. O. Smith’s outstanding “firsts” is the 
internal expanding process that assures 
the roundness, straightness and accuracy 
of dimensions of A. O. Smith Line Pipe. 


Here’s what this means: line pipe is 
stressed beyond its yield point by uniform 
internal expansion—a process that 
produces higher yield strength. The result 
is line pipe that is lighter and stronger 
... yet requires no expensive alloy steel 
to obtain these desirable characteristics. 
It all adds up to a better line pipe that 

is simple and economical to weld—permits 
higher operating pressures—lower 

cost per mile. 


A. O. Smith Line Pipe is available in a 
complete range of sizes and wall 
thicknesses, from 8% in. to 36 in. 

in diameter. 


AOSmith 


LINE PIPE « CAS 


DEPENDABILITY | 

= A. ©. Smith Corp., Milwaukee 1 ¢ Chicago 4 
oe Dallas 2 @ Denver 2 « Houston 2 
through RESE ARCH 3 Los Angeles 12 ¢ Midland 5, Texas 


New York 17 © Phoenix « Pittsburgh 19 
Salt Lake City 1 ¢ San Diego 1 » San Francisco 4 


and ENGINEERING : Seattle 1 © Tulsa 3 @ Washington 6, D. C. 


International Division: P. O. Box 2023, Milwcukee 1 
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merits special consideration. The fact 
that Iran has the only major oil fields 
in the world in which no American 
companies have any financial interest 
may be purely coincidental. The fact 
that the move in Iran took the form 
of nationalizing a company more than 
half-owned by the British Government 
which has recently been doing a good 
deal of nationalizing of industries in 
its own country likewise may have 
been purely chance. Taken together, 
however, those coincidences have 
created a more difficult situation than 
might otherwise have confronted us. 
The principles involved are none the 
less pertinent to all of us. 

In 1901 Persia, which as you know 
is now called Iran, made a concession 
agreement with the Anglo-Iranian Oil 
Company to develop Persia’s crude oil 
reserves. Late in 1932 the Persian 
Government announced the cancella- 
tion of the oil concession under which 
the company then was operating. The 
British Government acted vigorously, 
taking the matter to Geneva in order 
that it might be dealt with by the 
Council of the League of Nations it- 
self. There was a hearing by the mem- 
bers of the Council sitting around 
the table in the League of Nations 
Building. 

The then foreign secretary pre- 
sented the British case with docu- 
ments and argument. The Persian case 
was presented by a distinguished 
French advocate, whom Persia briefed 
for the purpose. The late Dr. Benes of 
Czechoslovakia acted as judge. The 
dispute was amicably settled by the 
Agreement of 1933, which attached 
new terms to a concession that was to 
last for 60 years, till 1993. That new 
agreement was signed on April 29, 
1933, for the Imperial Government of 
Persia by His Excellency Mr. Tagi- 
zadeh, the then Minister of Finance, 


following its ratification by the MAJ- 
LIS or Parliament and the royal as- 
sent of the Shah. There can be no 
question but that it was freely entered 
into by the Imperial Government of 
Persia. By it Persia obtained addi- 
tional advantages of great value. Not 
only was the rate of royalty increased 
for the future, but the increased rate 
was paid retroactively for the years 
1931 and 1932, instead of the lower 
rate previously stipulated. Further, 
Persia received a lump sum of 1,000,- 
000 lb sterling. 

Article 21 of the new agreement 
provided: 

“This concession shall not be an- 
nulled by the Government and the 
terms therein contained shall not be 
altered either by general or special 
legislation in the future, or by admin- 
istrative measures or any other acts 
whatever of the executive authori- 
ties.” 

The issue involving the Anglo-Iran- 
ian Oil Company in Iran is not pri- 
marily that of nationalization. In 
point of fact the Iranian Government 
has always owned the oil reserves. The 
concession it made with Anglo-Iran- 
ian is a contract with the oil company 
for the development of the country’s 
oil. Thus, as I see it, the present issue 
is essentially one of abrogation of 
contract. 


Faith Is Prerequisite to Every 
Business Deal 


Regardless of the legalistic con- 
cepts, we must all agree that if 
sovereign governments are going to 
abrogate contracts unilaterally when- 
ever it suits their purpose, there will 
be no basis for international com- 
mercial relationships. You men know 
from your own experience in Brad- 
ford, Oil City, Warren and elsewhere 
that faith in someone’s spoken or 





Competitive research in the past 
third of a century has raised the 
standard of living more than in any 
whole century of prior history, Dr. 
Robert E. Wilson, of Chicago, told 
the Institute of Petroleum in the 
Third Cadman Memorial Lecture in 
London, England recently. 

Competitive research does a far 
better job than either cooperative 
or government research, although 
both government research and co- 
operative research by industry have 
real values in certain areas, the 
chairman of Standard Oil Com- 
pany (Indiana) said. 

Speaking on ‘‘Competitive and 
Cooperative Research in the Amer- 
ican Petroleum Industry," he said 





Wilson Endorses Competitive Research 


there are a number of conditions 
that must be present if competitive 
research is to give the best results. 

Among these conditions he as- 
serted there must be a reasonable 
number of strong companies, able 
to attack problems aggressively 
from different viewpoints, as well 
as a sound patent system. 

He pointed out, however, there 
are fields in which cooperative re- 
search has been found preferable, 
especially the work of the Coopera- 
tive Research Council, sponsored 
jointly by the automobile and pe- 
troleum industries. He also declared 
that API research “has repaid the 
industry—and so the public— 
many times what it cost." 
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written contract is a prerequisite to 
every business deal. International 
business is no different. The oil indus. 
try of Iran was developed by men and 
money from another country acting 
on faith in a contract. 

As the new industry developed it 
became vital not only to the economy 
of Iran but to other nations, which 
came to rely on it asa source of sup. 
ply. The question is not merely one 
affecting Iran alone. Industries and 
activities vitally affecting the lives 
and welfare of other people have been 
predicated on this supply of oil. 

In the world today we are endeay- 
oring to adopt a higher order of con- 
duct among nations. We are searching 
for a substitute for armed force that 
has so often governed in the past. We 
are contending that the law of the 
jungle should no longer apply to 
problems arising among nations any 
more than it should apply to the prob- 
lems arising among private persons. 
This is a higher order of society. It 
must live by a code of conduct under 
which rights of nations and individ- 
uals engaging in foreign operations 
are observed. The principles of re- 
spect for property rights and the 
sanctity of contracts are basic in such 
a code. If the civilized world accepts 
without protest violation of these 
principles, the international invest- 
ment and trade required for the eco- 
nomic well-being of the peoples of the 
world will be inhibited, and the ob- 
jectives of the President’s Point IV 
program will be impossible of accom- 
plishment. 


Contract Rights Frequently 
Modified 


Property and coniract rights can be 
and frequently are modified by mu- 
tual agreement. The “pound of flesh” 
approach is not a proper solution to 
problems that have arisen due to a 
change in the basic conditions that 
were present at the time the contract 
was made. Neither is it a proper 
remedy for one of the parties uni- 
laterally to disregard his solemn en- 
gagement. Where, with the passage of 
time and the appearance of unfore- 
seen conditions, the carrying out of a 
contract strictly in accordance with its 
terms would create undue hardship, 
it is essential that both parties to the 
original contract likewise be parties 
to the changes. To maintain, as some 
do, that sovereignty includes the right 
to set aside such contracts unilaterally 
is not to exalt sovereignty but to put 
it in a class with minors who likewise 
are unable to make binding contracts. 
Nations that have come of age, like 
individuals who have attained their 
majority, recognize the practical 
value of their contractual powers. 

If a sovereign is a party to a con- 
tract, it can of agreements covering 
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MODERN 
PACKINGS 


boost the efficiency 
of MODERN 
COMPRESSORS 


Metallic Red Packings 


Now, as never before, design engineers are taking 
advantage of modern friction-reducing devices in 
order to improve compressor efficiency and depend- 
ability. 


This is why Cook full-floating all-metallic packings 
are used as the modern rod seal in so many newly 
developed compressors. Backed by over 60 years of 
specialized experience in the manufacture of piston 
rod seals, Cook packings are designed to function 
with a minimum of friction. They do this primarily by 
utilizing rings of proven anti-friction materials. These 
rings float in specially provided grooves which means 
that, even when rod vibration or misalignment devel- 
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ops, friction is not materially increased nor is the 
seal disturbed. 


Be sure that your compressor comes equipped with 
this modern packing. Specify Cook by name when 
you order new equipment just to make sure. 


C. Lee Cook Mfg. Co., Incorporated, Louisville, Ky. 
Branch offices in Baltimore, Boston, Chicago, Cleve- 
land, Houston, Los Angeles, Mobile, New Orleans, 
New York, San Francisco and Tulsa. 


GRAPHITIC IRON 


ROD PACKINGS 
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threading with this 
self-contained die stock 






Right Here is the 
simple device that 
makes 65R auto- 
matically JAM- 
PROOF. 

@ You don’t have to watch it—lead screw can’t jam on work- 
holder. New jam-proof drive plate automatically kicks out 
driving ratchet pawl when standard length thread is cut. 
Your recent model 65R easily converted —just buy new drive 
plate, put in place of old plate. Perfect threads on 1” to 2’’ pipe 
with one set of 4 high-speed steel dies—sets to pipe size in 10 
seconds, mistake-proof self-centering workholder sets instantly! 


Buy the new jam-proof RIE 65R at your Supply House. 


, 3 


























« Work-SaverPipeTools . 
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vast interests within its own country, 








A typical example is the long teri oil 
concession covering the exclusive 
right to extract oil throughout a coun. 
try. Under such a contract situations 
may arise that are clearly contrary to 
the nation’s welfare. Even so, empha- 
sis always should be placed on a 
proper discharge of contractual obli- 
gations fairly entered into. When, 
however, conditions are so altered as 
to point to the need for contract modi- 
fication, it should be undertaken in 
friendly atmosphere with both parties 
seeking a just solution to their prob- 
lems. . 

Gradually we have learned that in 
the case of long term contracts much 
can be done to guard against such 
substantial changes in conditions as 
might make enforcement throughout 
the contract period inequitable. In this 
country oil leases generally provide 
for royalty in kind. The royalty in- 
terest thus fluctuates with the value of 
the oil and more or less with the pros- 
perity of the oil industry. Such con- 
tracts have proved reliable and equi- 
table over their entire period. 

Another type of arrangement that 
would seem to offer long term fair- 
ness and stability is the so-called 
50/50 arrangement that seems to be 
the pattern now being adopted in 
some of the foreign concessions where 
the contract is with a government. 
Here again, subject to certain agree- 
ments with respect to determination of 
profits, the general objective is to pro- 
vide that the government shall receive 
as compensation for its interest in the 
crude oil removed, half the profits 
earned by the company within the 
country. Payment may take different 
forms, including royalties and taxes, 
but it again reflects the welfare of the 
industry, with both parties to the con- 
tract, the government as well as the 
company, gaining or losing revenue 
with the ups and downs of profits in 
the industry. 


Problems Can Be Settled By 
Negotiations 


If it be admitted there may be occa- 
sions, though few, where contractual 
obligations should be changed, by 
what standards are the newer arrange- 
ments to be measured? I cannot sup- 
ply the answer, but I am firmly con- 
vinced that most of the problems can 
be settled by bilateral negotiations 
provided both the parties to the con- 
tract are not only willing but deter- 
mined to reach a fair conclusion. This 
is the pattern that has been followed 
in the past and is being followed 
now in respect to some of the conces- 
sion areas. In undertaking such nego- 
tiations due regard should be paid 
both to past commitments and to exist- 
ing circumstances. Should there be 4 
complete failure to agree under these 





P 
PF 


Oil 
wi 


The | 
Pumry 
the s 
oil cor 
stand 
It be 
dust. 
est te 

Ali 
beat 
venti 
from 
prop 
sects 
trolle 
mes! 
guar 
safe, 
pren 
enclc 
exce: 
keep 
dust 


reve 
don’ 
if on 





PROVED IN THE 


PROVED ON THE GULF 
PROVED IN THE EAST 


Cutler-Hammer 


Oil Well Pumping Control has more of 
what you want than anything in the field 


The Cutler-Hammer Oil Well 
Pumping Control is shaped by 
the special requirements of the 
oil country into the oilfield’s out- 
standing well pumping control. 
It beats the heat. It beats the 
dust. It stands up in the tough- 
est tests. 

Aluminum painted enclosures 
beat back the sun’s heat. Proper 
ventilation drains off the heat 
from inside. You don’t have to 
prop the door open to dirt, in- 
sects and birds to keep this con- 
troller cool and working. Fine 
mesh screened, louvered and 
guarded ventilation, vertical dust- 
safe, dust-shedding contacts, neo- 
prene gasketed dustproof timer 
enclosure, timer clock motor with 
excess torque—all these features 
keep the controller working in 
dustiest climates. 

Unit type lightning arresters 
reveal condition at a glance. You 
don’t have to rebuild controller 
ifone blows. The Cutler-Hammer 


Controller with automatic timed 
restarting feature means the at- 
tendant doesn’t have to reset the 
control after a power failure. He 
knows the C-H Controller will 
restart the motors on a safe stag- 
gered time sequence. When on- 
off pumping schedule is changed, 
the change is made simply by 
pulling accessible tabs, one pull 
for each 15-minute change—and 
no guessing. To reset a clock to 
correct time of day, attendant 
simply turns a handy palm size 
dial forward or backward. The 
wiring diagram with spare parts 
list and overload heater coil 
ratings is sealed in a dirt, grease, 
water and heat resisting plastic 
coat. You and your men will like 
these oil country starters better 
than any you’ve ever seen. 
CUTLER-HAMMER, Inc., 
1459 St. Paul Avenue, Milwaukee 
1, Wisconsin. Associate: Canadian 
Cutler-Hammer, Ltd., Toronto, 
Ontario. 
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prevent explosions 


These units provide additional venting 
capacity beyond the breather vent, and give 
instant relief from excessive internal pressures 
resulting from exposure fires, etc., preventing 
tank blow-ups and explosions. 

9 Required by many state fire codes. Recom- 
mended by both the N. F.P.A. and A. P.I. 

The V-108 with cast aluminum cover, 
pictured at the top, furnished in 6”, 8” and 
10” sizes; V-108-A with fabricated aluminum 
cover, pictured below, furnished in 1514” and 
201," sizes. Write for full details today. 


(eel ate ier 
THE JOHNSTON & JENNINGS CO. 


division of PETTIBONE MULLIKEN CORP. 
4751 West Division St. Chicago 51, Illinois 






























































POWER ADVANTAGE in the 7 to 
13 hp. Range...The 2-Cylinder 


WISCONSIN 
rtin- Cooled ENGINES 


Here is the POWER ADVANTAGE story of the 2-cylin- 
der Wisconsin Heavy-Duty Alir-Cooled Engines, the 
development of which fills the need for a power 
linkage between the single-cylinder and four-cylinder types. 





1, Dependable air-cooling under all climatic and weather conditions. 

2. Self-cleaning tapered roller bearings at both ends of the crankshaft to withstand 

either side-pull or end-thrust without danger to bearings. 

3. Rotary type high tension OUTSIDE Magneto with Impulse Coupling operates as an 

entirely independent unit that can be serviced or replaced in a few minutes. 

4. Maximum torque at usable speeds for equipment that really has to go to work. 
CONDENSED SPECIFICATIONS 








MODELS TE TF 
Bore ._ s < = - = <-— = an - jo cena: ae 34% 
a a a a ee ee ee a 3% 
Piston Disp. cubic inches - - + = 2 © +2 © = = + 45.9 539 
Horsepower 
a a a a a a ee a re So" 8.6 
ee ee 6 Se ee ee ee ee lw AD 12 
ee ee ee re ee 13.3 
Net weight in lbs., Standard engine, side-mount tank - - - ~- 220 220 
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conditions — an eventuality herd to 
see—then I suppose some new author. 
ity is required to settle the matier be. 
tween the parties. Certainly if we are 
ever to have a world governed by law 
rather than by force we must come to 
regard it as no more a limitation on 
a nation’s sovereignty to be required 
to respect the contracts it has freely 
made, than we regard it as a limita. 
tion on an individual’s freedom that 
he do likewise. 

In the field of international rela- 
tions, I believe the law has not grown 
to maturity. We are facing new prob. 
lems and conditions for which rules 
of conduct have not been completely 
codified. The common law is a good 
illustration of a code of conduct under 
similar circumstances. As new situa- 
tions arose, the law expanded to meet 
the problems but careful attention 
was paid to past relationships. Prog- 
ress at times was painfully slow, but 
in the end the foundations on which 
our human societies were built were 
stable and the law did not become 
stultified. 


Governments sometimes act under 
the name of nationalization in alter- 
ing or setting aside their contracts, | 
think this is a failure to recognize true 
legal concepts. The right of a sov- 
ereign power to nationalize is one 
thing. The right of a sovereign power 
to make a contract binding on itself 
is another thing. To assert that the 
right of a sovereign to nationalize is 
superior to its right to make a binding 
contract is pure sophistry—the legal 
equivalent of an irresistible force 
meeting an immovable object. There 
are bound to be situations where the 
line between the two is rather hazy. 
But ultimately if we are to carry on 
commercial transactions between 
countries, contracts must be adhered 
to, and governments, as well as pri- 
vate individuals, must prove to be re- 
sponsible parties. 

The problem is a serious one. | 
doubt we know the answers today. It 
seems to me, however, that the re- 
quirements in this case are fairly 
clear. Unless some course of conduct 
can be found governing these con- 
tractual relationships I do not see how 
private capital can continue to be in- 
vested abroad. This would defeat our 
Point IV program and be contrary to 
much of the effort the Western nations 
are making to build military and in- 
dustrial strength in friendly countries. 

The greatest hope a small nation 
has for its own survival is that it can 
make valid and lasting agreements 
with large nations. A small nation 
that denies the sanctity of contracts 1s 
undermining the one principle of in- 
ternational conduct that says that the 
world shall not be ruled by force 
alone. adel 
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SINCLAIR RESEARCH LABORATORIES—nine buildings containing the 
most modern testing equipment known—have contributed many of 
today’s most important developments in petroleum products, pro- 










NVENTIVE Americans are often at a loss 
en. Not because of any lack of ideas, 
but because of a need for expensive facilities 
to find out if and how their ideas work. 

This was no obstacle in our earlier days. 
The Wright Brothers designed their first air- 
plane with the help of a foot-square home- 
made “‘wind box”—and the plane flew. 

In contrast, the man with a new idea in 
airplane design today often needs a super- 
sonic wind tunnel costing millions. 

In short, science and invention have be- 
come so complex that a man with an idea 
fora better product often needs the assistance 
of an army of specialists and millions worth 
of equipment to prove his idea has value. 

Within the petroleum field, the Sinclair 
Plan now offers to provide that assistance. 
_ Under this Plan, Sinclair is opening up 
lS great research laboratories at Harvey, 
lllinois, to independent inventors who have 















An Offer of Research Facilities 
to Inventive Americans Who Need Them 


The Sinclair Plan is opening up the Company’s great laboratories 
to every American who has an idea for a better petroleum product 


sufficiently good. ideas for better petroleum 
products or for new applications of petro- 
leum products. 

If you have an idea of this kind, you are 
invited to submit it to the Sinclair Research 
Laboratories, with the provision that each 
idea must first be protected, in your own 
interest, by a patent application, or a patent. 


The inventor's idea remains his own property 


If the directors of the laboratories select your 
idea for development, they will make, in 
most cases, a very simple arrangement with 
you: In return for the laboratories’ invest- 
ment of time, facilities, money and personnel, 
Sinclair will receive the privilege of using the 
idea for its own companies, free from royal- 
ties. This in no way hinders the inventor 
from selling his idea to any of the hundreds 
of other oil companies for whatever he can 
get. Under the Plan, Sinclair has no control 


SINCLAIR —A Great Name in Oi 
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duction and refining. Under the Sinclair Plan, the available capacity 
of these great laboratories is being turned over to work on the 
promising ideas of independent inventors everywhere. 


over the inventor’s sale of his idea to others, 
and has no participation in any of the 
inventor’s profits through such dealings. 
Moreover, it is a competitive characteristic 
of the oil business that the new products 
adopted by one company are almost invar- 
iably adopted by the whole industry. This 
means that the very fact of his agreement 
with Sinclair should open up to the inventor 
commercial opportunities which might 
otherwise be hard to find. 

How to proceed: Instructions on how 
to submit ideas under the Sinclair Plan are 
contained in an Inventor’s Booklet available 
on request. Write to: W. M. Flowers, Execu- 
tive Vice-President, Sinclair Research Labo- 
ratories, Inc., 630 Fifth Avenue, New York 
20, N. Y. for your copy. 

IMPORTANT: Please do not send in any ideas 
until you have sent for and received the 
instructions. 









































































































Abstract 


This paper outlines the strategic oil 
supplies of the world, which are lo- 
cated in two principal areas: The 
fields bordering the Gulf of Mexico 


and the Caribbean Sea; and the fields. - | 


in the Middle East, where petroleum 
is obtained from the desert countries 
of Iran, Irag, Saudi Arabia, and Ku- 
wait. It also outlines the world’s refin- 
ing situation. Its purpose is to point 
out the strategic importance of the 
prolific sources of oil in the Middle 
East and their effect on the fueling of 
a long war, and what it would mean 
to the countries of the West if this 
enormous supply should be cut off 
by Russia or her satellites. “Adequate 
protection of this area now may well 
slow down or stop the Russian time 
table for aggression.” 


Two Great Oil Areas 


The strategic oil supplies of the 
world are situated in two principal 
areas, viz.: The fields bordering the 
Gulf of Mexico and the Caribbean Sea, 
and the fields in the Middle East. The 
total world production of crude oil is 
about 10,500,000 bbl a day, of which 
the United States produces about 52 
per cent, the Middle East 17 per cent, 
Venezuela 14.5 per cent, and Russia 
and her satellites only 8 per cent. The 
combined production of the largest 
producing areas, viz., the United 
States, Venezuela, and the Middle 
East, accounts for almost 85 per cent 
of current world output. Table 1 sum- 
marizes the current production of pe- 
troleum by world areas. 


Russia’s Predicament 


To compensate for their lack of pe- 
troleum supplies, Russia and her satel- 
lite countries use the expensive proc- 
esses of coal hydrogenation and oil- 
shale retorting to produce additional 
supplies of oil. It is difficult to deter- 


*Presented before a Lubrication Group Ses- 
sion, under the auspices of the Division of Mar- 
keting, during the 30th Annual Meeting of the 
American Petroleum Institute, in the Biltmore 
Hotel, Los Angeles, California, November 14, 
1950. 

. *Universal Oil Products Company, Chicago, 
linois. 


E-44 


StTrateGic Oi. Suppues' 


GUSTAV EGLOFF* 


mine just how much oil is produced 
from these processes. In eastern Ger- 
many current plans call for the pro- 


duction of 20,000 bbl a day of auto- 7 


motive fuels by the hydrogenation of 
lignite. In Czechoslovakia a coal-hy- 
drogenation plant is available for pro- 
ducing 30,000 bbl of gasoline a day. 
It seems reasonable to estimate that 
at least 100,000 bbl a day of synthetic 
liquid fuels from coal and oil shale 
are being produced in Russia and sa- 
tellite countries. The combined total 
of crude oil and synthetic oils prob- 
ably amounts to about one million 








TABLE 1. World crude-oil production 
July, 1950 


(Thousands of barrels per day) 





Western Hemisphere 


United States.......... ..... §,504.0 
Venezuela... ... a pial hese earns 1,533.3 
_. . ERR eee 195.2 
ere 
7,585.7 71.8 per cent 

Western Europe 

Seer 21.9 
DIO Sin ck peed caaasans 14.4 
__.. SSS aera 5.1 


41.4 0.39 per cent 
Russia and Eastern Europe 


| MESSER Ree ares ae 730.0 
ee ere 85.0 
SESE pee 25.0 
a ee aie 23.6 


863.6 8.15 per cent 
Middle East 


MMAR So eke chek cwebsanaye 691.2 
__ _ SEE ee ree eee ee 128.5 
See ree 363.7 
Saudi Arabia.................. 558.6 
MT ie Sia Sos atau ssa os 39.9 
LSS Ro Seer a ae emer 66.3 
1,848.2 17.5 per cent 
Other Asia 
IN 9855 5 uh-S2c apse cin atona 130.0 
British Borneo....... Raitanare 82.0 
a Sor eaters 23.1 


235.1 2.2 per cent 
World total... . ... 10,574.0 


TABLE 2. Cumulative crude-oil 
duction through 1949. 


(Thousands of barrels) 





pro- 





World...... thm ydea ome oe } .ce» 61,737,008 
United States. . . Res Or ee 38,939,286 
Venezuela. . ; Meine cae 5,000,000 
). ae ; 6,292,473 
ES Sr rr 8,045,208 
I cole asaso.0,cierie vita kines ieslaes 3,371,677 
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barrels a day, which is less than 10 


_per cent of total world production. 


Most Challenging 


. Of all producing areas, the Middle 


Kast is by far the most challenging in 
the world at the present time. It in- 
cludes the countries of Iraq, Iran, 
Saudi Arabia, Kuwait, and Bahrein, 
and has a land area equal to 67 per 
cent of that of the United States. Con- 
trol of the Middle East fields is now 
entirely vested in western democratic 
nations; 47 per cent is held by the 
British, 41 per cent by Americans, 6 
per cent by the French, and 6 per cent 
by the Dutch. Most of the know-how 
for exploration and well drilling has 
been supplied by American and Brit- 
ish operators who gained their experi- 
ence in the oil fields of the United 
States and other countries in the West- 
ern Hemisphere. They have developed 
this area at great cost and consider- 
able financial risk. Native labor was 
entirely uneducated for the kinds of 
jobs necessary to oil production and 
refining. In addition to this task of 
training labor, a large number of em- 
ployees had to be transported from the 
United States and western Furope. 
Whole new towns had to be built with 
living quarters, sewage and water sys- 
tems, schools, and recreation facili- 
ties to make these areas habitable. Oil 
companies of the United States, Bril- 
ain, France, and Holland have in- 
vested superhuman effort in these Mid- 
dle East fields, and have every right 
to the oil therefrom. 

Middle East oil production is re- 
markable in many ways. The produc- 
tion per well averages over 5,000 bbl 
a day in all the Middle East fields: 
and some wells yield as high as 15.- 
000 bbl a day. At present there are 
only about 300 producing wells. In the 
United States, by contrast, there are 
about 450,000 producing wells aver- 
aging about 12 bbl a day, although 
there are much higher producers 1 
some fields. The average production 
per well for the whole world is about 
20 bbl a day. 

Oil production is backed by enor- 








THE Pp 














STANDARDS 


“The use of an expansion roof on a storage tank handling volatile 
petroleum products is considered to be conducive to the reduction of the 
fire hazard, and to the conservation of the liquid stored.” That’s the 
conclusion reached by Underwriters’ Laboratories, Inc., as a result 

of their examination of the Graver Expansion Roof. 

The report continues: “A study of the design showed that the 

possibility of sparks being struck by moving parts is not likely, and 

that metallic contact between the roof and the shell 

reduces the danger from the generation of static electrical charges.” 


No Graver Expansion Roof has ever been involved in a fire 
during the decade since the design was originated. This further 
substantiates the Underwriters’ seal of approval. 
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mous reserves. The areas of greatest 
reserves, however, do not always cor- 
respond to the areas of largest current 
production. The greatest development 
has occurred in the United States, 
where almost a million oil wells have 
been drilled since the beginning of 
the industry in 1859. Table 2 shows 
the accumulated production of petro- 
leum in various world areas since the 
industry began. 


U.S. Commanding Position 


The data show that the United 
States has produced 63.7 per cent of 
all the oil that has been brought above 
the ground. Despite the fact that the 
higher producing rate in the United 
States would be expected to leave rela- 
tively small amounts of oil for the fu- 
ture, the proved reserves have in- 
creased throughout the years so that 
approximately the same ratio of re- 
serves to production has been main- 
tained. Data for 5-year intervals since 
1920 are given in Table 3. 


Estimated Future Reserves 


Many geologists have estimated the 
ultimate amount of oil that will be 
discovered in the world’s sedimentary 
rock formations. With increasing 
knowledge of earth formations and 
the types of structures in which oil is 
most likely to be found, the estimated 
reserves have steadily increased over 
the years. Some geologists believe that 
1,500 billion barrels more of petro- 
leum will eventually be obtained from 
the earth’s oil-bearing rocks. The 
amount that will be recovered from 
formations under land areas is esti- 
mated to be between 500 billion and 
600 billion barrels, approximately 10 
times the cumulative world produc- 
tion to date. Reserves of 1,000 bil- 
lion barrels are estimated to be under 
the continental shelves. 

As to the distribution of the oil re- 
serves, the geologists calculate that, of 
those under the land areas, about 150 
billion barrels are yet to be discovered 


in the Western Hemisphere and 350 
billion in the Eastern Hemisphere. 
The most commonly accepted figure 
for the United States at this time is 
100 billion barrels. Table 4 indicates 
the probable resources. 


No Foreseeable Shortage 


Of the ultimate resources estimated 
in Table 4, it appears that about 25 
per cent are in the Russian zone of 
domination and 75 per cent under 
the control of the western democratic 
nations. The estimates are based on 
known oil-bearing formations. Past 
experience has shown that oil is also 
discovered in unpredictable areas, 
and it is safe to assume that much 
greater quantities will be found than 
are predicted at present. Even though 
they are not, the estimated reserves 
will supply oil for 500 years at the 
present rate of consumption. Accord- 
ing to these data, there is no foresee- 
able oil shortage. 


Refinery Location 


In any emergency the location and 
capacity of refineries are of almost 
greater importance than production 
and reserves. Total world refine 
capacity is about 11,600,000 bbl 
daily, of which 6,700,000 bbl are lo- 
cated in the United States. Next in 
capacity are the refineries of Latin 
America that can process about l,- 
500,000 bbl daily—1,000,000 bbl of 
which uses Venezuelan crude in refin- 
eries at Curacao, Aruba, and Vene- 
zuela. The Middle East has the 
world’s largest refinery at Abadan, 
Iran, where more than 500,000 bbl 
of crude oil are charged daily. Other 
large refineries in the Middle East are 
the one on Bahrein Island, which 
charges 150,000 bbl a day, and the 
one at Ras Tanura, which charges 
140,000 bbl. The products of the 
Middle Eastern refineries are practi- 
cally all shipped to western European 
countries because local demands are 
almost zero. 





The statistician has proved his 
importance in the British industry 
and his future promises even 
greater appreciation for the role he 
plays, is the conclusion drawn by 
W. J. Harrison, statistician Anglo- 
Iranian Oil Company, Ltd. Harri- 
son is author of the paper “The Use 
of Statistics as an Aid to Manage- 
ment in the Petroleum Industry,” 


which was presented before the 
Third World Congress held at The 
Hague recently. 





Statistician’s Place in Industry Assured 


The paper listed three types of 
statistical activity required in Brit- 
ish industry: The recording in nu- 
merical form of the company’s ac- 
tivities; the provision of an 
economic background to give per- 
spective to the firm’s activities; 
and the mathematical analysis of 
certain data in order to elucidate 
information. Each aspect of statis- 
tical operations is discussed at 
length, and the contribution of each 
to managerial policy analyzed in 
the paper. 
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TABLE 3. Estimated proved reserves 
of crude oil, natural-gas liquids, and 
total liquid hydrocarbons in jhe 
United States, by years. 





(Thousands of barrels) 
Rati 
Production Proved pose 
during reserves to years 
Year year end of year production 


| Ae 929 7,200,000 16.3 
SEER 763,743 8,500,000 11.1 
eee 898,011 13,600,000 15.1 
ee 996,596 12,400,000 i2.4 
SRSA 1,351,847 














TABLE 4. Land-area oil reserves. 





Estimated resources 


; Billions of 
Country or Region barrels _—_ Per cent 

WEIN. no tacnccwascan sac 100 16.7 
Venezuela-Colombia-Mexico....... 45 7.5 
MNS core cc ca eauadwaidees 65 10.8 
Western’Hemisphere (total)....... 210 —-35.0 
Russia-Siberia............ce000- sis 150 25.0 
Middle East... .. re aeasisinees 150 25.0 
Oceania (East Indian archipelago). . 35 5.8 
| RR Ra ES AA Fits a 55 9.2 
Eastern Hemisphere (total)........ 390 65.0 
po ee 600 100 








TABLE 5. ECA recommendations for 
increasing European refining capacity. 











(Barrels per day) 
End of 1949 1952-53 

RS oss foes 5.3 Ais Can nape ands 7,800* 12,400 
cs ipaeiniean ibn aioe 7,000 165,000 
| _ EE ee erer ts 600 16,000 
i ckeact sans cena eens 250,000 375,000 
REE 3c padkisa wha waibacenioes rae 8,000 
iat aanbenrindeecus soe 63,000 146,600 
BE i. ckcecsvenssacnabire 700 700 
_ RRR IEE ee eee 6,000* 9,200 
ian ss bsg dala vtreiniaterale 11,500 41,000 
United Kingdom............. 135,000 390,000 
West Germany............... 38,000 94,400 
519,600 1,258,300 

* 1948 








The refineries in western Europe, 
which operate mainly on imported 
crude, are being enlarged under ECA 
sponsorship, so that by 1952-53 they 
may be able to supply domestic de- 
mands for petroleum products. Table 
5 shows refinery capacities in these 
countries at the end of 1949, and the 
projected increases in throughput. 

Table 5 shows that, in the next 2 
or 3 years, the capacity of western 
European refineries will be increased 


by 738,000 bbl per day. 


Russian Facilities Inadequate 

The throughput of Russian refin- 
eries at the end of 1949 was 680,000 
bbl of crude oil a day. More than 
100,000 bbl of oil were charged to re- 
fineries in Russian - dominated coun- 
tries. Including synthetic oils from 
coal hydrogenation and oil-shale re- 
torting, it seems probable that Russia 
and her satellites are refining aroun 
1,000,000 bbl a day of crude petro- 
leum and synthetic oils. Russia is not 
a highly industrialized country, and 
reportedly has 1,250,000 motor vehi- 
cles of all types—so that production 
for peacetime transportation 1s 4P- 
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parently sufficient. In the event of an 
emergency, however, its oil produc- 
tion and refining facilities would be 
inadequate. 


U.S. World Position 


The data given heretofore will be 
compared to show the distribution of 
oil supplies in case of a showdown be- 
tween democratic and totalitarian 
countries. The democratic nations 
that have developed the world’s oil 
fields on their own initiative to their 
present high capacity are in control 
of about 90 per cent of present-day 
production and about 75 per cent of 
the estimated oil reserves. The United 
States has a production of 5,800,000 
bbl of petroleum a day at present, 
with another million barrels shut in 
but available when needed. It also has 
access to Canadian and Mexican oil 
without having to rely on transpor- 
tation by sea. Nearby are Venezuela 
and other South American oil-produc- 
ing nations. We probably can depend 
on the Venezuela supply in any emer- 
gency, although the threat of subma- 
rine attack cannot be discounted. It 
is evident that the United States has 
more than ample oil for civilian needs 
and high military demands. In a long 
large-scale war, fought thousands of 
miles away, however, it would be dif- 
ficult to supply all requirements if 


our allies were entirely dependent on 
us for oil. 


USSR World Position 


In any long conflict Russia would 
have to get more oil, and the Middle 
East stands as the most obvious point 
to seize because of its proximity. Con- 
trol would not only divert supplies to 
Russia and triple her available re- 
sources, but also would cut off this 
source of oil from western European 
countries, leaving them more prone to 
invasion. Russia is reported to be fo- 
menting border incidents and tribal 
wars in Iran with the evident aim of 
developing a weak spot that will be 
ripe for invasion. 


Middle East Transportation 
The availability of Middle East oil 


to western Europe in both peace and 
war is dependent on transportation. 
Even though control of the Middle 
East fields remained in friendly 
hands, western Europe would be cut 
off from this supply if transportation 
were disrupted. Heretofore the oil has 
been carried entirely by tankers for 
3650 miles around the Arabian penin- 
sula through the Suez Canal, but a 
1000-mile pipe line has recently been 
completed that will carry as much as 
500,000 bbl per day directly to the 
Mediterranean. In case of war the pipe 


line is vulnerable to air attack, but 
tanker transport is subject to the 
usual hazards of maritime transpor- 
tation and the vulnerability of the 
Suez Canal to air attack. The pipe 
line is of greatest importance in an 
emergency because it opens a second 
route of supply. The pipe line also 
has the advantages of offering much 
cheaper and faster transportation. 

Another point that should be con- 
sidered is the vulnerability to attack 
of the large Middle Eastern refineries 
and storage tanks. In the event of war 
every attempt would be made by the 
opposite side to attack these sources, 
regardless of who had control over 
them. 

Russia, however, is much less likely 
to start a war if she does not have 
this prolific source of oil. By main- 
taining contro! in. the hands of the 
democratic countries, the tide may 
eventually be turned against commu- 
nistic expansion and peace main- 
tained throughout the world. The 
western powers must make it clear 
that they will resist to the limit any 
effort to wrest control of the Middle 
East oil from the democratic nations 
that have developed these resources 
for the benefit of mankind. Adequate 
protection of this area now may well 
slow down or stop the Russian time 
table for aggression. ke 
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